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THE ADER “AVION.” 


M. Aper having asserted, in a letter published in 
the last number of L’Automobile, that he actually 
made a flight with his “Avion No. 3” on October 14, 
1897, we have been looking up contem- 
porary accounts of his experiments, with 


taken a position oblique to its direction of trans- 
lation it was overturned and the wings and propellers 
were broken. 

“Gen. Mensier’s report concluded with the recom- 
mendation that the experiments be continued, as im- 


The article in L’Illustration contains a description 
of the machine, of which the following is a summary: 
M. Ader has long studied the flight and the wings of 
birds and he has made a discovery that has escaped 
other inventors. He has observed that nature has 
adopted for the form of the wing a defi- 

nite geometrical curve—a helix traced on 


the following results: 

La Nature of June 28, 1898, gives a de- 
tailed acceunt of the military applica- 
tions which Ader proposed to make of 
his invention. These included flying 
squadrons of scouts and torpedo vessels. 
Of the trial at the camp of Satory in Oc- 
tober, 1897, La Nature says: “At first 
the apparatus behaved very well. The 
engines and propellers worked properly 
and the machine was almost off the 
ground when the wind blew it from the 
track and damaged it so seriously as to 
put an end to the experiments. Despite 
this accident the results obtained by M. 
Ader with his ‘Avion’ appeared satisfac- 
tory, confirming his calculations with re- 
spect to the motor, which worked as it 
had been designed to work.” 

The report of the journal L’'Illustra- 
tion, published July 23, 1898, is both 
fuller and more favorable. It runs, in 
part, as follows: 

“The construction of M. Ader’s ‘Avion’ 
under the authority and at the expense 
of the French department of war was car- 5 


a cone with its apex in front. Every 
feather, regarded separately, obeys the 
same law. The curve varies with the 
load borne by the wings, but the helix is 
always present in the wings of birds, 
bats, and insects. Consequently, Ader de- 
liberately abandoned the plane surfaces 
employed by Maxim and Richet and 
adopted variable wings, concave below 
and based upon the indispensable helix— 
which, by the way, reappears in the Aus- 
tralian boomerang. 

Hence, the “Avion” necessarily bears a 
general resemblance to a bird with ex- 
panded wings. It will be objected that 
this imitation of a bird is unscientific, 
and gives the apparatus the appearance 
of a monstrous toy. But Ader makes no 
secret of his desire to construct a me- 
chanical bird with the aid of better means 
than were at the disposal of the Fran- 
conian astronomer Muller, who attempted 
the same task in the fifteenth century. 

The imitation of the bird, however, is 
not servile. The wings of the “Avion” are 
not composed of artificial feathers, but 


ried on with the most profound secrecy 
from 1892 to 1897, under the supervision 
of a commission composed 
of three generals and two 


imitate the bird’s wing chiefly in the dis- 
tribution of air pressure. Their frames, 
made of strips of bamboo 
glued together, are ex- 


members of the Institute. 
Upon the completion of 
the apparatus, last Octo- 
ber, a circular track 1,500 
feet in diameter and 132 
feet wide was made on the 
plain of Satory by remov- 
ing the turf and beating 
and rolling the ground. 
The experiments were de- 
layed for nearly a week by 
violent winds. At last, on 
the 14th M. Ader mounted 
and started his machine, 
which with extended 


tremely light and _ rigid, 
and they are further stiff- 
ened and held in place by 
tendons of steel wire. 
They are covered with silk 
and so jointed that they 
can be folded into small 
compass. 

The wings serve only 
for support and do not 
flap. The shoulder joint 
allows only fore and aft 
movement for the purpose 
of changing the center of 
gravity of the apparatus. 


wings, like an enormous 
bat on wheels, made the 


The “Avion” is driven for- 
ward by two screw propel- 


FRAME AND PROPELLERS OF “AVION No. 3.” 


circuit of the track at a moderate speed. Then its 
Velovity gradually increased until M. Ader felt and 
the witnesses saw that the wheels had left the ground. 
The ‘Avion,’ free for an instant from all support, was 
able to turn easily until it headed against the wind. 
Bur at this moment a squall came up and the in- 
Yentor, to avoid being blown away, slackened speed 
and the wheels instantly touched the ground again. 
But as the wheels were fixed and the machine had 


portant results had been obtained. In fact, it had been 
demonstrated that the motor was well adapted for avia- 
tion in point of power, lightness, and facility of con- 
trol, and that the wings were capable of supporting 
the machine and its driver. The ‘Avion’ has been 
repaired and furnished with wheels which enable it to 
move, on the ground as well as in the air, in a direc- 
tion oblique to its axis. The resumption of the experi- 
ments depends upon the ministry of war.” 


FRAME OF “AVION No. 3.” 


lers at the bow. These are also of bamboo, have four 
blades and are turned in opposite directions by two 
independent motors. 

These motors are marvels of concentration of power 
in small space and weight. The motive power is fur- 
nished by steam and the fuel is alcohol. Each motor 
has four cylinders and double expansion. The boiler 
is tubular and the generation of steam almost instanta- 
neous, for with all ports closed the pressure increases 
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at the rate of one atmosphere per second. The exhaust 
steam goes to an air-cooled condenser on top of the 
apparatus, and there is no loss of water. Each motor 
develops 20 (French) horse-power. Every part was 
cut out of forged steel as a bust is carved out of a 
block of marble, and everything not absolutely essen- 
tial has been omitted. The result is that the total 
weight of the boilers, engines, and condenser is only 
about 3 kilogrammes (6.6 pounds) per nominal horse- 
power, while the weight of the engines alone does not 
exceed 1 kilogramme (2.2 pounds) per horse-power. 

As each propeller is driven by its own motor, either 
may be retarded independently of the other, so that 
the propellers,may be used to aid in steering. The rud- 
der is at the stern, and is worked by pedals, Three or 
four handles, placed within easy reach, give the driver 
control over the rest of the apparatus. 

According to L ‘Illustration, it appears that the 
“Avion” actually flew, if only for an instant, in the 
presence of witnesses. Let these witnesses come for- 
ward. There is no longer any military necessity for 
secrecy, as the “Avion No, 3" has been shown at sev- 
eral expositions and is now on public view at the Con- 
servatoire des Arts et Metiers, where its frame and 
propellers stand against the rear wall of the old chapel, 
its engines rest on the floor, and its wings hover like 
a great bird just under the vaulted roof. There is no 
reason why the present minister of war should not 
communicate to the Aero Club the official report of the 
commission appointed by his predecessor. 

We reproduce two photographs taken for this arti- 
cle at the Conservatoire and two very curious ones 
taken at Satory at the time of the experiments. One 
of the latter shows the “Avion” with wings extended 
and apparently soaring in the air, but as a matter of 
fact the machine rested on the ground, which was 
eliminated by “retouching” the negative. We repro- 
duce also a photograph of the compound motor of the 
“Avion No, 2,” which is likewise at the Conservatoire. 
It is a masterpiece of mechanism, for it weighs only 
32.17 kilogrammes (70 pounds, 12 ounces) and can 
develop 30 horse-power. 

The motor of the “Avion No. 3” is equally remark- 
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an organization is but a collection of human beings, 
it stands to reason that if as an entity it is to be of 
high grade the units of which it is composed must also 
be of that grade. As, however, no two organizations 
are governed in their formation by similar conditions, 
each case presents a problem sui generis for the man- 
ager to solve, but every case will be found ultimately 
to consist in a study of human nature in its many 
phases, and this, we have been told, “is the proper 
study of mankind.” 


[Continued from SuprLewEnT No. 1612, page 25827.) 

AIR IN RELATION TO THE SURFACE-CONDENSA- 
TION OF LOW-PRESSURE STEAM: AN 
EXPERIMENTAL STUDY OF CON- 
DENSER PROBLEMS.* 

By JAMes ALEX, SMITH, 

METHOD OF USE. 

The Vacuum.—tThe stop-cock is removed, and the 
shell filled to the upper level of the observation win- 
dow with pure water. The stop-cock is again inserted, 
the air pumped out by an ordinary air pump or syringe 
to about 1 inch mercury pressure, the gas jets lit, 
and the water heated until the gage or thermometer 
indicates a positive pressure, then the stop-cock is 
removed and the steam allowed to escape at about 2 
pounds to the square inch, until the water level has 
fallen to the lower edge of the observation opening. 
The stop-cock is then replaced, a partially perforated 
rubber cork placed upon the exposed shank, the whole 
covered with water and the gas turned off. When 
cool an almost perfect water vapor partial vacuum will 
result, in which the water readily boils at 70 deg. F. 
Water may be drawn in to the vacuum at any subse- 
quent period, but when this is done boiling must be 
again resorted to, as described, to drive off air held 
in solution. The routine must also be repeated when 
it is requisite to eject air or gas which may have en- 
tered or been added. It is well to prevent, as far as 
possible, the access of full atmospheric pressure to 
the water surface. The water should be under vacuum 
between experiments. 


STEAM MOTOR OF “AVION No. 2.” 


able, and the admiring visitor to the Conservatoire 
will be astonished to learn that it has several times 
barely escaped going to the scrap heap because it 
occupied too much space. 

Such a fate would have been a great misfortune, for 
the “Avion No. 3" will some day have a place in the 
history of aviation as important as that of Cugnot’s 
steam carriage in the history of the automobile. 

The photographs show the construction of the light 
framework which supported the wings, boiler, and mo- 
tors, and its conical extensions bearing the propellers. 
The thickness of the metal parts is reduced almost to 
absurdity. The copper radiator tubes are 1 millimeter 
(1-25 inch) in diameter and 0.02 millimeter (1-1,250 
inch) thick. 

Despite laboratory tests, I doubt the strength of 
their soldered joints. The propeller blades have the 
shape of feathers, with hollow quills and barbs made 
of strips of wood glued together, representing a fool- 
ish waste of labor. The wings are composed of tubes 
of steel and wood covered with a skin of silk. 

In short, the apparatus, with all its ingenuity, had 
fatal defects. The driver had to manage with his feet 
the rudder, which was placed behind him, and his 
view of the ground ahead was cut off by the boiler. 
The apparatus had weak points in respect to regularity 
of operation, and the Yeather propellers were childish. 

It is to be regretted that the inventor did not con- 
struct his machine in a more rational manner, and 
that the experiments were not continued. The hun- 
dreds of thousands of frances expended were simply 
thrown away. With different propellers the “Avion 
No. 3° might perhaps have flown, and In any event it 
could have aided in interesting researches instead of 
ending its career miserably in the Conservatoire des 
Arts et Métiers.—Adapted from the French of Maurice 
Degeorge in L’Automobile. 


What are the qualifications with which a high-grade 
organization should be endowed in order to attain a 
high standard of efficiency? Inasmuch as, after all, 


Added Gas.—This may be drawn through a capillary 
tube of about 1-200th inch bore, attached to a rubber 
tube with pinch cock, connected to a branch in the 
gage system, and the amount determined by gage read- 
ings. 

Or, without reference to the gage, measured quan- 
tities of air may be drawn from a graduated vertical 
burette with the lower end immersed in water. The 
partial pressure is computed from the known volume, 
remembering that in this connection the steam be- 
haves as a perfect vacuum. 

A third method—that preferred—is to insert a ca- 
pacity in the gage circuit so that a known volume— 
i. e., that of capacity, gage and tubes—can be drawn 
in, and the result checked against the gage reading. 

The advantages of the direct addition methods are 
their certainty, and that they can be made irrespective 
of condenser temperature corrections, which may be 
considerable, due to the presence of hotter or colder 
water in contact with the vapor. This should be spe- 
cially remembered when testing actual condensers. 
Minor corrections may be required for the atmospheric 
condition of the gas admitted. 

Determining the Gas Pressure by Gage.—The detail 
of the gage, Fig. 2, is self-explanatory. The measur- 
ing rod is graduated in inches, carries at its lower 
extremity a fixed index, slides in a socket, and upon 
it there slides an adjustable index with a short scale 
attached. The indexes are adjusted to the upper and 
lower mercury levels—the glass tube is thin to mini- 
mize parallax—and the difference read off. 

The gage reading is subtracted from the barometer 
reading at the time. The difference is the ‘absolute 
pressure exercised by the vapor in the condenser; it 
may be wholly due to water-vapor, or partially to gas. 

By Dalton’s law the presence of gas does not affect 
the pressure of steam also, or previously, present, and 
vice versa. Sach component is to the other as a 
vacuum, and the total pressure is the sum of the par- 
tial pressures, Steam pressures for all temperatures 


* Read before the Victorian Institute of Engineers, Revised by the 
author, 


DecempBer 1, 1:06. 


within condenser range have been most carefu!!y coy. 
puted,* therefore if the pressure due to steam at the 
given temperature be deducted from the absolui« pres. 
sure, found as described, the difference, if any, is the 
pressure of gas present. 

There is one warning that must be most ex)) icitly 
given to the prospective investigator, Dalbton’s isi ig 
true only when the apparatus, the vapor, and the ater 


are at the same temperature. The point appenrs to 
have escaped notice in those works that the autho: has 
perused. 


Here is an illustrative experiment, in which, owing 
to the progress of condensation, the conditions ar: not 
static. 


Air present, by measure and gage, 


Water 139.5 deg. 
Difference ...... 9.5 
134.7 


Difference of barometer and gage.. 5.60 in. 
Partial pressure due to steam at 


4.50 
Apparent partial pressure of air.... 1.10 in. 
5.60 in. 
Pressure of steam at 139.5 deg. —.. 5.76 
Apparent (impossible) minus pres- 
5.60 
Pressure of steam at 134.7 deg.... 5.10 
Apparent pressure of air.......... 50 


Air again found by gage at 70 
All parts in equilibrium. 


Dalton’s law was also found, experimentally, to hold 
at other and higher temperatures, provided there wis 
complete equilibrium. The erroneous results that may 
be arrived at in actual practice are sufficiently obvious 

It will also be noted that the law that a saturate 
vapor and its fluid in contact are at the same temper- 
ature ceases to be invariably true when gas is present. 

Determinations by the gage method must be at a 
complete equilibrium of temperature, and should be 
at the lowest temperature conveniently attainable, 
since then the ratio of gas pressure to steam pressure 
is highest. 

The gage and connections are exhausted by syringe 
before coupling finally to the condenser, and during 
prolonged tests they are disengaged and the stop-cock 
sealed as previously described, as air will pass through 
the pores of the rubber tube. The gage should be 
lightly tapped during a reading. 

Water Flow.—Assuming that the condenser contains 
a vapor mixture of the desired composition and tem- 
perature, the cooling water is permitted to circulate 
and the gas flames manipulated to maintain the tem- 
perature constant. The admission of air into the cool- 
ing current, especially at low rates of flow, must be 
guarded against by suitably constricting the discharge. 
Temperature differences are then recorded. 

Plotting Data—The readings were to 1-10 deg. F., 
and 1-100 inch mercury, the aim was final accuracy 
within 4 deg. and 2-100 inch. Very many tests were 
made. Those not concordant were rejected, as it was 
held that the mean of diverse tests differing from, pos- 
sibly, different causes, would have less value than 
good individual tests not thus smoothed. Flexible or 
plastic splines are better than French curves in the 
actual drafting work. There is a tendency with set 
curves to slightly adapt the line to the templet, and 
not the converse. 

RESULTS. 


These may be classified thus: 
{ Air admixture. 
Vapor | Temperature. 
Tube lengths or temperature grades. 
{ Rate of flow. 
Cooling water { Initial temperature. 
| Final temperature. 
Typical cases in each division will be given. 


VAPOR: SIMPLE AND COMPOUND, 


To determine the effect of air admixture two distinct 
methods were put into practice, and the results com- 
pared. In the first pure, or nearly pure, steam was 
condensed at temperatures varying from 70 deg. to 140 
deg., at 10 deg. intervals. The tests were fixed point 
observation, not running readings. Then the mixture 
was varied by adding air, and the process repeate:. 

In the second method the condenser was maintained 
at constant temperature, while the air in the mix'ure 
was varied by definite increments. The process was 
repeated at various temperatures. 

In both series the cooling water flowed at the con 
stant rate of 10 pounds per m., and the cooling sur 
face was 1 square foot. All matters were in equili- 
brium before a record was made. 

The results of a set of tests by the first and second 
methods are plotted, and the stations connecte bY 
curves, in Figs. 3a and 4 respectively. 

The curves are interrelated. The curves in ciiher 
figure correspond to the ordinates in the other; the 


* Regnault’s tables, for instance. 
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distinctive mark (dot or cross) of either transferred 
to the other shows the approximation of the results, 
and this is sufficiently close to indicate that there is 
practically no serious cause of error existent. 

In both figures the perpendicular ordinates measure 
increment of the cooling water temperature; in Fig. 
3a the divisions of the base are vapor temperatures; in 


Fig. 4. air partial pressures. 

Dis «ssion of the Results—The air partial pressures 
are ro iuced to 70 deg., therefore at all other temper- 
atures the ratio will be different, but finite. The re- 
duction then required is as follows: 531 deg. absolute: 
absoluic temp. at x deg.:: pressure at 70° deg.: pres- 
sure at © deg. 

The correction for variation of specific heat of the 
coolins water is negligible. 

The correction when the temperature differences are 

VAPOR TEMPERATU RB, 
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Fie. 3a.—AIR EFFECTS: AIR MASS CONSTANT, 
TEMPERATURE VARIED. 
Air partial pressures in inches of mercury at 70°, A, Traces only; B, .06 


in.; C, .14in,; D, in.; E, .68in.; F,1.3in, Initial water 
temperature, 61.5°, 


not measured from the same initial temperature will 
be apparent when “tube length” has been considered. 

With nearly air-free steam the line (A, Fig. 3a) of 
temperature increment, or efficiency of surface, is 
nearly straight when the vapor temperature increments 
are equaf The slight curvature at the lower limb of 
(A) is due to traces of air; it increases with each 
addition, although not in direct proportion, vide 
turves B...F. 

With constant flow and surface and pure steam, 
temperature increment of the cooling water is in a 
constant ratio to the temperature increment of the 
steam, at least to a first approximation. 

Corollary I.—The rise in water temperature is pro- 
portionate to the initial steam and water differences of 
temperature. 

Corollary IIl.—Each decrement of condenser temper- 
ature requires a proportionate increment of cooling 
surface.* 

The ordinates to any of the curves measure the 
relative efficiency of unit area of cooling surface under 
the conditions premised. 

Since the partial air pressures increase much less 
rapidly than steam pressures as the temperature rises, 
the curves of mixtures tend to straighten to a greater 
inclination, implying an increased efficiency. 

The law relating to added gas (or air) is not clear; 
it may be simple, but the problem is involved. The 
Writer has not succeeded in formulating a satisfying 
equation, therefore the data have been plotted in such 
manner that they can be utilized pending the discovery 
of the law. 

Combination Diagram.—In Fig. 5 the observed re- 
sults shown in Figs. 3a and 4 are combined. The con- 
stant basis is 10 pounds flow of water per minute. 
The vapor mixtures range from steam, with traces 
only of air, to steam plus 0.7 inch (mercury pressure) 
of air at 70 deg., and vapor temperatures from 80 deg 
to 140 deg. 

Divisions of the base refer to partial pressures of 
air, those of the left-hand scales, and the correspond- 
ing ordinate lengths, to temperature increment of the 
cooling water, and the B. T. U. transmitted per 1 
square foot per m. by the tube already specified. The 
curves are isotherms, each relating to a finite tem- 
perature, shown by the scale to the right. 

Discussion of the Diagram.—Co-ordinates drawn re- 
spectively to perpendicular O” and the base, and the 
curve meeting them at their point of intersection give, 


AIR PRESSURE (AT 7()°) IN. OF MERCURY. 


» 


Fig. 4—AIR EFFECTS: TEMPERATURE 
CONSTANT, AIR MASS VARIED. 


Initial water temperature, 61.5°. 


respectively, partial pressure of air, temperature in- 
Crease of the cooling water, and vapor temperature. 
Hence if any two of these factors are given, the third 
iS evident by inspection, and if one alone is given, 
any one of an infinite series of inter-linked pairs of 
remaining factor values can be selected. 


* Provided the tube length is constant, See * Tube Length.” 


Since the ordinates are measures of temperature 
rise, therefore of efficiency, it follows that any line 
drawn parallel to the base cuts the curves in points of 
equal duty. Hence the relative economy of any par- 
ticular examples or conditions can be directly com- 
pared. 

Space does not permit an extended enumeration of 
the properties and applications of the diagram, there- 
fore a few salient points only will be noted: 

(a) The rapid rise of the curves from right to left 
denotes that the retarding effect of successive addi- 
tions of air proceeds at a rapidly diminishing rate; 
this is more marked, in proportion, at the lower tem- 
peratures. In fact—referring to the 90 deg. curve— 
it will be seen that 0.2 inch pressure of air may almost 
exhaust the refrigerating power of a condenser. 

(b) Equal increases of temperature of vapor at per- 
pendicular O” (or the pure steam line) cause equal 
rises of the cooling water temperature (this has al- 
ready been explained when treating of the A line, Fig. 
3), but the relation holds nowhere else. Toward the 
right the proportion decreases with decrease of tem- 
perature. 

(c) The approach of the higher temperature curves 
to parallelism to the base is much less abrupt tham 
the lower, indicating that the relative loss of efficiency 
by air addition is not so rapid as in the latter. But 
the absolute B. T. U. loss is much greater. 

(d) The surface required is inversely as the cooling 
effect, therefore the difference in design between such 
limits as a condenser at 140 deg. with pure steam, and 
one at 90 deg. smothered with 0.3 inch pressure of air, 
is obvious. In this example the effective ratio is about 
728 

TUBE LENGTH, OR TEMPERATURE GRADES. 

Frequently it is stated that the cooling water final 
temperature varies directly as the tube length, and 
that the average temperature is the arithmetical mean 
of the extreme. Were this correct, then with an evan- 
escent difference between water and steam temperature, 
the effect would be the same as when the difference is, 
say, 100 deg., obviously an impossibility, Condensers 
are made with tubes in series, giving a length of flow 
of 30 feet or more, and that when circulating water is 
abundant. This might be good practice if the pre- 
ceding assumption were true, but it will be shown that 
it is fallacious, therefore the question of long tubes 
requires reconsideration. 

The Law.—To determine this, a large number of dis- 
tinct tests were made of the temperature increment at 
each one foot (7 points in all) of the 6-foot tube of the 
experimental condenser. Various temperatures be- 
tween 70 deg. and 140 deg., and mixtures from 0 inch 
to 1.5 inch of air, were experimented upon. 

When plotted and compared they were found to con- 
form, within the limits of experimental error, to a 
very simple: law, that may be expressed thus: The 
differences of temperature between the vapor and the 
cooling water form a geometric series, of which the 
initial and final differences are the first and last terms. 
Shortly, the curve is logarithmic, vapor and water dif- 
ferences progress geometrically, and their ratio to 
water temperature increment is, apparently, constant 
for a given vapor temperature and mixture. 

If at each point the increment of water temperature 
is proportional to the temperature difference causing 
it (wide A, Fig. 5), then the hypothesis of geometric 
progression (in decreasing order) is the direct se- 
quence of continued cumulative action, by a vapor at 
constant temperature upon water—i. e., flowing in a 
tube. 

Actual numerical working of geometric series is 
given in the appendix. 

Typical Diagram.—The small preliminary diagram in 
Fig. 6 shows the relation of the observed points to 
computed curves in two sets of tests, one with nearly 
pure steam, the other with 0.22 inch air (mercury 
gage) added. Vapor at a constant temperature of 110 
deg., water at a constant flow of 10 pounds per m. 

The observed curves, designated A and B. are plotted 
in the main portion of the diagram, and the computed 
curve extended in dotted form. 

Discussion of Curves.—Curves relating to other cases 
within the range of Fig. 5 may be plotted if the initial 
and final cooling water temperatures are selected, and 
the intervening points computed; or exterior points 
may be extrapolated after finding the common ratio, 
and in that case the results for any tube length become 
available when those for a short tube are known. 

Difference of ordinates (measured to the steam, not 
base line), successive differences in the series, or the 
varying inclination to the base of tangents to the 
curve, each measure relative efficiency at different por- 
tions of the line. Each increment of tube length is of 
decreasing cooling value, and the decrement is con- 
siderable. 

The efficiency, under constant conditions, of tubes 
of any length, or lineal sections of tubes, is propor- 
tional to the ordinate differences. The ordinate dif- 
ference measures the work of a tube. 

A glance reveals that the increased cooling effect 
attained by considerable lengthening of tubes is not 
commensurate with that lengthening, especially so in 
nearly pure steam. For instance, take the “observed” 
section of 6 feet curve (A, Fig. 6), the temperature 
increment is 19 deg., nearly. Assume the tube ex- 
tended 6 feet to the right, that is doubled in length, 
the increment becomes 29.57 deg., therefore doubling 
the tube length has only increased the cooling effect 
some 50 per cent. Carry the comparison further, then 
the work of the first foot (3.97 deg.) is nearly four 
times that of the fifteenth (1.022 deg.). 
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Obviously in the limit in an indefinitely long tube 
when the water within and the vapor without have ar- 
rived at equilibrium of temperature, the value of 1 
foot of tube is zero. 

With mixtures of air and steam—curve B, for in- 
stance—while the total work is less, the change of 
ratio is also less. Compared with the last example the 
ratio is 2.38:1.05, as against 3.97:1.022. Probably this 
is due to the aggregation of air about the tube decreas- 
ing in the region of lower temperature differences. 

When the presence of considerable quantities of air 
in steam was ignored, this effect rendered the use of 
tubes of considerable length not improper, but the case 
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Fie. 5.—AIR EFFECTS. 


Vapor temperature and air preseure factors, Water temperature and 
thermal transmission results, Initial water temperature, 61.5°. 


is different with the purer steams that must now be 
dealt with. The old order changes, but the old prac- 
tice persists, 

The general deduction is that economy requires the 
use of relatively short tubes. There are, however, 
limits. If the greater mass of water required has to 
be raised from a considerable depth, or lifted to a con- 
siderable height (to a cooling tower, for instance), the 
working cost will exceed interest charges on an ar- 
rangement that by increased size compensates for less 
theoretical efficiency. It is, again, a question of spe- 
cial designing. 


EFFECT OF VARIATION OF INITIAL TEMPERATURE OF COOLING 
WATER, 


It is immaterial how the temperature is attained, 
therefore it may be communicated by an anterior por- 
tion of the condenser tube itself. 

The problem can now be solved by plotting a curve 
to an indefinitely long tube, and selecting therefrom a 
part corresponding to the given tube length, and com- 
mencing at that part of the curve where the temper- 
ature is the initial temperature required, the final tem- 
perature can be ascertained as already explained. 

Assume the tube in the diagram to be of indefinite 
length and immersed in vapor, and that a finite length 
equal to a given tube is taken at successive points from 
left to right. The thermal effect is that of supply- 
ing warmed circulating water. The mathematical equi- 
valent is the selection of successive terms in a geo- 
metric descending series. Therefore, while the lat- 
eral displacement increases in arithmetical, the tube 
unit length efficiency decreases in geometric progres- 
sion. 

Example*—Vapor, steam; temperature, 110 deg.; 
length, 6 feet. With cooling water at 50 deg. 
the temperature increment is 22 deg.; with 
the initial temperature raised to 90 deg., the 
temperature increment sinks to 9 deg. The 
work of condensation is, of course, directly as 
these quantities. 

22 
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Fie. 6—TUBE TEMPERATURE GRADIENTS. 


A, Steam, with traces only of air ; B, steam, with .22 in. (mercury gage at 
70°) added air ; initial temperature 67 5°. 


By certain properties of the curve (i. e., that ordi- 
nates at constant distance apart are in constant ratio 
to each other, independent of their position in the 
curve, and that axial progressional motion is equiva- 
ient to multiplication), it follows that variation of con- 


* Verified by direct tests of beated circulating water at 61, 71.7, 87.4 deg. 
and other initial temperatures, 
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denser efficiency arising from variation of initial water 
temperature is independent of tube length. 
Example.—6 feet tube, initial temperatures of 55 
deg. and 85 deg.; increments, 23 deg. and 11% 
deg. = 2:1. Tube, 12 feet; temperatures again 
55 deg. and 85 deg., increments 37 deg, and 
18% deg., rates 2:1, as before. Therefore, in 
each of these cases the efficiency of each tube, 
considered as an entity, is halved by a rise of 
30 deg. in the circulating water supplied, and 
the effect is independent of the difference of 
tube length. 
(To be continued.) 


INDUSTRIAL ALCOHOL: ITS USES.* 
By Dr. H. W. WiLry. 
ALconoL Stoves.—The success of the alcohol stove 
depends largely upon the character of the wick, which 


Fie, 1.—ALCOHOL BURNER FOR HEATING A 
FLATIRON. 


must absorb the alcohol and be so adjusted as to give 
the necessary heating surface. By converting the alco- 
hol into a gas and burning the vapor thus formed the 
wick may be dispensed with and a more effective 
burner obtained. The general principles involved in 
heating with alcohol are the same as for other heat- 
ing substances. The only differences are in the meth- 
ods of producing the combustion. Alcohol burns with 
a pale blue flame which is intensely hot. It is without 
smoke, and if there be any odor at all it is an agree- 
able and not a disagreeable one. The products of com- 


Fie, 2.-ALCOHOL BURNER FOR ROASTING 
COFPEE. 


bustion of pure alcohol are water and carbon dioxid. 
The latter gas should be conducted out of the room by 
the ordinary methods of ventilation. No form of 
burner should be allowed to pour the products of com- 
bustion into the room. The water which is formed is 
harmless, but the carbon dioxid, which is produced in 
large proportions, will soon vitiate the air of the room 
and tend to produce drowsiness, headache, and injury 
to health. The common methods of burning gas and 
kerosene in a room without ventilation are also ob- 


* Abstract Farmers’ Bulletin 269 of Department of Agriculture. 


Fie. 3.—A SMALL ALCOHOL STOVE FOR 
HEATING PURPOSES. 
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jectionable for the same reason. Some form of venti- 
lation by means of which the products of combustion 
in such cases could be removed from the room through 
a chimney or otherwise is highly desirable. 

Stoves of many different kinds have been invented 
for burning alcohol. There are stoves for heating flat- 
irons, soldering irons, crimping irons, roasting coffee, 
etc. A smoothing iron which is designed to be heated 
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previous discussion respecting the alcohol sto. can 
not be used directly for illuminating purpos« The 
flame does not possess any notable illuminatiny Ower 
In order that alcohol may be used for illumin:: jon it 
must be burned in a state of gas and the het pro. 
duced by the combustion utilized to produce incan- 
descence in the ordinary mantle which surroun:s the 
common gas flame for the same purpose. It ha been 


Fie. 4.—THREE VARIETIES OF ALCOHOL HEATERS. 


by alcohol is shown in Fig. 1, and a convenient roaster 
for coffee or peanuts in Fig. 2. 

A stove suitable for heating purposes, except that it 
has no chimney for carrying off the products of com- 
bustion, is pictured in Fig. 3. In this figure No. 1 is 
the principal cock to control the admission of the gasi- 
fied alcohol. No. 2 is the stopcock connecting with 
the heating apparatus for vaporizing the alcohol which 
is concealed in the mechanism of the stove. No. 3 is 
the stopeock for admitting a sufficient quantity of 
fresh alcohol before starting the stove to vaporize the 
alcohol for burning purposes. It is used only at the 
time of starting the fire, after which it is closed. 
No. 4 is the opening through which the alcohol holder, 


Fie. 5.—ALCOHOL STOVE WITH THREE 

CIRCULAR BURNERS. 
which is just seen back of the stove, is filled. No. 5 
is a stopcock for drawing off any remaining spirit in 
the holder when it is desirable to have it empty. The 
small figure marked A Z shows a device attached to 
the apparatus, which makes it impossible to connect 
the alcohol gas-forming apparatus and the stove until 
everything is in readiness. This is a kind of time lock 
upon the key, which prevents the opening or closing 
of the stopeocks at inopportune moments, and thus 
makes it impossible to flood the stove with alcohol and 
cause an explosion. The fluted arrangement in the 
front of the stove is for the purpose of reflecting the 
heat of the burning alcohol so as to throw it out in 
the largest possible quantities into the room. This is 
only one of the types of stove which may be used for 
heating purposes. 

Another form of stove is shown in Fig. 4, No. 1. In 
this stove the vaporizer is supplied by wicks P, which 
draw up the alcohol from the reservoir in the bottom. 
A small wick (lower button at the left) serves to set 
the apparatus in operation by first heating the vapor- 
izing kiln. This wick is afterward extinguished and 
concealed in a sheet which is closed by a horizontal 
flap (upper button). An ejector valve L, represented 
in the upper part of the diagram, regulates the dis- 
charge of the circular burner C. Below the latter a 
white enameled disk of iron plate serves as a heat 
reflector. Nos. 2 and 3 are other forms of stoves which 
do not need any particular description. 

Another form of stove is shown in Fig. 5. This is 
a stove supplied by three circular burners, which are 
shown in the cross-section drawing. A double circu- 
lation of the products of combustion causes them to 
become separated and pass off through a stovepipe at 
a relatively low temperature after having heated the 
air of the room as well as the vaporizer placed in the 
upper part of the apparatus. 

Alcohol Lamps.—Alcohol, as will be seen from the 


discovered that when certain earths, such as thoria, 
in a state of fine sub-division, are subjected to the 
action of a high temperature, they become intensely 
white and produce by their incandescence the maximum 
degree of illumination. The thoria is first deposited 
upon some substance such as cloth and so distributed 
that when the cloth burns away the particles of thoria 
remain in the original shape of the mantle. When 


Fie. 6.—ALCOHOL LAMP WITH PUMP 
ATTACHMENT. 


held over the flame of gas or alcohol the particles be- 
come incandescent. To adjust an alcohol lamp for 
this purpose it is only necessary to make an attach- 
ment whereby the alcohol is first converted into a 
vapor. In order to light such a lamp a portion of the 
alcohol must first be vaporized. 


Fie. 7.—ALCOHOL LAMP WITH ASBESTOS 
PRIMER. 
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In Fig. 6 is shown an alcohol lamp, which is the 
property of the Bureau of Chemistry. The illustra- 
tion shows very plainly the external mechanism of the 
lamp. The knob on the right is the handle of the 
pump. which brings a little of the alcohol around the 
wick holder delivering the alcohol to the vaporizing 
chamber. This handle is pressed down two or three 
times by the thumb, rising by means of a spring to its 
original position. A few drops of alcohol are pumped 
up aud are ignited by holding a match to the opening 
at t handle or above. The alcohol burns with a 
coloricss flame for from thirty to sixty seconds. By 
this !:me the chamber is hot enough to volatilize the 
alcoho! brought up by the wick. The mill-head on 


the Icft is then opened and the match applied at the 
top of the chimney, when the alcohol vapor ignites in 
the ssime manner as gas and soon heats the thorium 


mantie, shown inside of the chimney, to a white heat. 
The |:mp then burns regularly without any further 
atten'ion as long as any alcohol remains in the bowl. 

In Fig. 7 are shown two views of another lamp, the 
principle of which is only slightly different from that 
just described. The lamp on the left is cut away in 
order to show the internal mechanism. The alcohol 
is fed by the wicks D to the copper vaporizer A placed 
under the mantle. The burner C is supplied by a 
Bunsen burner B placed beneath it and having its out- 
put regulated by means of a needle valve attached to 
the regulator button F. A small lateral aperture F 
permits of the introduction of a ball of asbestos satu- 
rated with alcohol for starting the vaporization at the 
moment of lighting. 

In this lamp it is noticed that the small pump for 
lifting the alcohol to start the vaporization is omitted, 
its place being taken by the ball of asbestos saturated 
with alcohol, inserted at the opening F as just stated. 

It is evident that the amount of heat produced is to 
some extent a measure of the illuminating value when 
the incandescent mantle is taken into consideration. 
It is the high temperature which produces the incan- 
descence and therefore the gas which in burning gives 
the highest temperature, other conditions being the 
same, would be of the most value for illumination. All 
of these points must be considered to prevent the 
formation of wrong opinions concerning the efficiency 
of alcohol for illumination, heating, and motive power, 
as compared with gasoline, which is the agent most 
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fuel is found. Products of that nature appear to yield 
from 9,700 to 11,000 calories. In so far as heating 
purposes are concerned, therefore, it is evident that 
gasoline, weight for weight, is more valuable than 
alcohol. 

Alcohol Motors.—It is quite certain that the use of 
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ing to a heavy motor apparatus driven by alcohol; 
Fig. 9, a mowing machine, and Fig. 10, a threshing 
machine, all driven by alcohol motors. In regard to 
these heavy machines it may be said that they prob- 
ably would come into use only on large farms where 
the surface of the soil is practically level. They would 


Fie. 10.—ADAPTATION OF AN ALCOHOL MOTOR TO A THRESHER. 


alcohol motors on the farm will become quite common 
as soon as the technique of construction is practically 
complete and the price of alcohol is sufficiently low. 
Alcohol can be used for all purposes for which gaso- 
line is employed, namely, the driving of wagons, car- 
riages, stationary motors, water pumps, mowing ma- 
chines, plows, ete. Very little change need be made 
in the engine of a motor car designed to use gasoline 


re 


Fie. 9.—A MOWING MACHINE PROPELLED BY AN ALCOHOL 
MOTOR. 


used for these purposes, and which alcohol is expected 
to supersede. 

Quantity of Heat Yielded in the Combustion of Alco- 
hol.—It has been estimated that 1 gramme* of gaso- 
line will yield on complete combustion 11,000 calories,+ 
and 1 gramme of pure alcohol 7,200 calories. No 
determination of the heat of combustion of ordinary 
commercial gasoline of the grade commonly used for 


* 1 gramme = 0.08527 ounce. or 15 grains, 
¢ A calorie is the amount of beat necessary to raise 1 gramme of water 
1 deg. Centigrade (1.8 deg. Fahrenheit). 


to fit it for the use of alcohol. Gasoline becomes vola- 
tile at a temperature of blood heat (98.5 deg. F.), 
while a much greater degree of heat (158 deg. to 176 
deg. F.) is necessary to volatilize alcohol rapidly 
enough for motor purposes. This fact makes necessary 
a change in the explosion chamber of the engine when 
alcohol is to be used. This adjustment is especially 
important in the starti@g of the machine, as after it 
is in action the temperature of combustion is quite 
sufficient to easily produce the gasification necessary. 

Fig. 8 represents a machine suitable for attach- 


not be suitable for small farms nor those in hilly sec- 
tions. In this connection attention is called to the 
fact that steam plowing, although practicable and 
profitable under certain conditions, has not been prac- 
tised to any great extent in this country, in fact, not 
nearly so much as in England. It is not likely, there- 
fore, that plowing and harvesting by alcohol motors 
will come into use very soon, although the possibili- 
ties are worthy of the consideration of the thoughtful 
farmer. On the other hand, it seems probable that 
small motors for driving machines for chopping and 
grinding cattle food, pumping water, and similar pur- 
poses may be brought into very general use as soon as 
the denatured alcohol becomes cheap enough to render 
its use practicable. 

In the driving of motor engines the quantity of heat 
evolved is not always a measure of efficiency. It is 
not the purpose of this bulletin to go into this subject 
at all, only to say that the vapor of alcohol can be 
more highly compressed at any given temperature 
without exploding than can the vapor of gasoline. As 
the decreased volume of the mixture of the explosive 
vapor and air is to a certain extent a measure of 
efficiency when engines are driven by the expansion of 
gases, the high degree of compressibility of the alco- 
hol vapor without danger of explosion may compen- 
sate for the smaller quantity of heat which is gener- 
ated by its combustion. 

The problems connected with the use of alcohol for 
driving machinery are somewhat technical, and it is 
only desired to call attention to the possible advan- 
tages to the farmer from this source of power, and 
also to point out the difficulties which must be over- 
come. In this connection it seems that a word of cau- 
tion is needed, as in the exploitation of tax-free alco- 
hol extravagant opinions regarding its possibilities 
have been expressed. These exaggerated statements 
have been made without any intent to deceive or mis- 
lead, but on account of insufficient information. The 
natural tendency in all such matters is to select those 
points which are certain to be of great benefit and 
publish them broadcast, and to neglect the difficulties 
and dangers which lie in the path of progress along 


. Pre. &8—ADAPTATION OF AN ALCOHOL MOTOR TO HARVESTER. 
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these lines. Our farmers, who are naturally conserva- 
tive, need very little caution in such matters, but it is 
important that a full understanding of the difficulties 
of these problems should be disseminated among the 
agricultural population. It is quite certain that if 
alcohol can be produced in the near future at a cost 
not exceeding 25 or 30 cents per gallon of 95 per cent 
strength, it will be a most valuable source of power 
on the farm. Although with the present relative 
prices of alcoho! and gasoline there is no financial 
advantage in the use of the former, it is highly prob- 
able that the price of gasoline will advance and that 
of alcohol fall. Thus the farmhouse and the barn may 
be liberally supplied with water at such an elevation 
that it can be used with all the facility enjoyed by 
those who live in the city by means of a safe, cheap, 
und effective method of pumping made possible by the 
aleohol motor. The machinery around the barn and 
the stables which is utilized for chopping food and 
grinding grain in the preparation of rations for domes- 
ticated animals should be of a character which is 
efficient and at the same time without danger. An 
aleohol motor placed in a small room separated from 
the barn at such a distance as not to endanger it in 
case of an accident would make it possible to supply 
power of this kind. Although alcohol is far less dan- 
gerous in use than gasoline as far as probability of 
explosion is concerned, there should be no misunder- 
standing respecting the fact that it is an explosive 
substance both when in the form of vapor and when 
mixed with air, and all the precautions which are used 
in the case of gasoline should be employed also with 
aleohol. While the use of these precautions will prac- 
tically eliminate any source of danger, it is neverthe- 
less advisable, even in the case of alcohol, to separate 
the building in which it is used from the barn, which 
contains more or less highly combustible matter. The 
fact that a substance is less dangerous than another 
is no excuse for omitting any of the precautions to 
prevent injury as the result of accident. 

Uses of Denatured Alcohol Not Directly Entering 
Into Farm Operations.—It seems advisable that some 
of the uses of industrial alcohol not directly connected 
with farm operations should be known to the farmer, 
in order that he may be fully informed respecting the 
industry in which he necessarily takes so important a 
part. The purposes for which tax-free alcohol can be 
used in the arts are fully set forth in a public docu- 
ment entitled “Free Alcohol, Hearings before the Com- 
mittee on Ways and Means, House of Representatives, 
Fifty-ninth Congress, first session, February-March, 
1906." A very full discussion of the subject is also 
found in an English report entitled “Industrial Alco- 
hol Committee, Minutes of Evidence Taken before the 
Departmental Committee on Industrial Alcohol, with 
Appendices. Presented to both Houses of Parliament 
by Command of His Majesty. Printed for His Majes- 
tv's Stationery Office by Wyman & Sons (Limited), 
Fetter Lane, London, E. C., 1905.” The evidence sub- 
mitted in the two reports mentioned contains practi- 
cally all that is known concerning the uses of dena- 
tured alcohol. It is not intended here even to make a 
résumé of this evidence; only the most important in- 
dustries which are benefited by tax-free alcohol can be 
mentioned. e 

Coal-Tar Colors.—Alcohol is used very extensively 
in the manufacture of dyes and other by-products from 
coal tar. The utilization of coal tar is an industry 
which has been almost exclusively monopolized by 
Gerthany, owing, in the opinion of many, to the fact 
that the Germans early recognized the importance of 
using alcohol free of tax in such industries. Whether 
or not this is the case may be open to some question, 
but it appears probable that this industry cannot be 
established and flourish in the United States without 
the advantage of untaxed alcohol. 

Smokeless Powder.—The manufacture of smokeless 
powder is one of the industries in which tax-free alco- 
hol is of the highest importance. Smokeless powder 
consists essentially of cotton which is subjected to 
treatment with sulphuric and nitric acids, whereby a 
certain quantity of oxid of nitrogen is introduced into 
the cotton, altering its properties without changing 
its appearance. The cotton thus treated is entirely 
different in character from the natural product. It 
burns with great ease and, when confined, with explo 
sive violence, giving off practically no smoke and but 
few noxious fumes; hence for these two reasons it is 
especially valuable. Before use it is necessary that 
it be dissolved or at least reduced to a homogeneous, 
pasty mass. For this purpose the solvents which are 
most employed are ether and alcohol. Ether itself, 
as will be seen further on, is one of the products made 
from alcohol, and hence alcohol becomes a dominant 
factor in the manufacture of smokeless powder. If 
smokeless powder must be made with alcohol on which 
the tax has been paid it cannot be profitably distrib- 
uted for perhaps less than $1.25 or even more per 
pound. If tax-free alcohol can be used the price can 
be reduced more than one-half. In the smokeless pow- 
der made for government use under the present regu- 
lations the alcohol which is employed is allowed to 
be used free of tax under supervision and thus the 
government secures the powder at a much lower rate 
than would otherwise be the case. This, however, 
makes no difference to the government, since it might 
collect the tax on the alcohol and pay the larger price 
per pound without any loss whatever. For the pri- 
vate consumer of powders the case is quite different, 
as he is compelled to pay the higher price when tax- 
free alcohol cannot be used. 

Varnishes, Lacquers, etc—One of the most tmpor- 
tant technical uses of alcohol is in the manufacture of 


varnishes and lacquers, where the gums which are 
employed are necessarily dissolved in alcohol. This 
use of alcohol is extremely important and affects a 
great many industries. 

Ether.—The ether of commerce, sometimes called 
sulphuric ether, is manufactured exclusively from 
aleohol by the action of sulphuric acid and heat. This 
ether is used in a great many technical operations, 
since it is one of the best solvents known, especially 
for fats. It is also extensively used in surgery as an 
anesthetic. Under the present arrangements, ether 
used for technical purposes can only be made from 
alcohol on which tax has been paid, and thus its price 
is phenomenally high. By the use of tax-free alcohol 
for making ether, this price would be proportionally 
reduced, and in some countries the law permits the 
use of alcohol denatured by a special formula for this 
purpose. The denaturation of alcohol by the general 
process prescribed by the Commissioner of Internal 
Revenue* may unfit it for the manufacture of ether, 
even if such use were deemed admissible under the 
new lawt and the regulations made in conformity 
therewith. 

Medicines and Pharmaceutical Preparations.—Alco- 
hol is used very extensively in the preparation of 
medicines. That great body of remedies known as 
tinctures is made by using alcohol as a solvent for the 
active principle of the herbs and plants from which 
the tinctures are made. The law, however, does not 
permit the use of denatured aleohol for “liquid medici- 
nal purposes,” and, concerning preparations which are 
used both in pharmaceutical preparations and in the 
arts, it is to be noted that under section 80 of the 
Regulations the Commissioner of Internal Revenue 
will consider all formulas submitted for the special 
denaturing of alcohol for technical purposes and will 
determine whether their use is consistent with the 
proper safeguarding of the revenue. The regulation 
states further: “But one special denaturant will be 
authorized for the same class of industries, unless it 
shall be shown that there is good reason for additional 
special denaturants.” 

Imitation Silk.—The substance which is known as 
imitation silk is really a production from cotton or 
other cellulose material which, in its finished state, 
resembles silk somewhat in luster. It is not silk, and 
hence not even artificial silk. It is a textile product 
which has the promise of a successful future and is 
therefore of interest not only to the manufacturer and 
the consumer but to the farmer who produces the 
cellulose. Imitation silk is in a measure the same 
substance as smokeless powder, except that after it is 
made the nitrogenous constituents are removed, so 
as to restore the finished product again to the condi- 
tion of ordinary cotton, devoid of explosive properties. 
In the making of imitation silk a partial nitrification 
of the cotton is accomplished in much the same man- 
ner as in making smokeless powder. The partially 
nitrated cotton is then reduced to a paste by solution 
in aleohel, ether, or other solvent, and in this condi- 
tion is foreed through small orifices, producing fine 
fibers of a silky luster. After these are produced the 
oxid of nitrogen is removed from them by a chemical 
process which does not interfere with their lustrous 
appearance. These fibers are then spun and woven as 
ordinary silk or cotton, producing fabrics which re- 
semble in luster the natural silk. The utilization of 
tax-free alcohol would be a great stimulus to the ad- 
vancement of industries of this class. 

Artificial Vinegar.—Dilute alcohol, commonly known 
as low wines, can be utilized for the manufacture of 
vinegar. For this purpose the dilute alcohol is made 
to pass over the fresh shavings of beech wood. These 
beech shavings furnish the organisms which oxidize 
the alcohol into acetic acid, and after passing through 
a series of vats containing these shavings the alcohol 
is converted into a dilute solution of acetic acid. Dur- 
ing the process there is a considerable loss of alcohol 
by evaporation. It is estimated that only about 70 
per cent of alcohol is finally recovered as vinegar. 
This material ought not to be called vinegar, as it is 
acetic acid pure and simple. It is colored and treated 
so as to resemble vinegar made from cider or wine 
or malt, and to this extent becomes an adulteration. 
This industry may be mentioned as one that would be 
promoted by the use of tax-free alcohol, although it 
deserves little if any encouragement. Section 59 of 
the Regulations concerning denatured alcohol, how- 
ever, especially names “manufacturers of vinegar by 
the vaporizing process’ among the classes of persons 
who may not store denatured alcohol on their premises 
or make use of it. 

Flavoring Extracts.—The flavoring extracts of com- 
merce are made largely with alcohol as a solvent. 
This should be the purest possible alcohol, and since 
it cannot possibly be denatured and still remain pot- 
able and attractive, the law would probably not apply 
under conditions of this kind. 

Use of Undenatured Alcohol Free of Tax.—Under 
laws other than the denatured alcohol law, alcohol 
may be withdrawn from the distillery warehouse free 
of tax for certain purposes. Among these may be men- 
tioned its use by the United States government, its 
use for scientific purposes under certain conditions, 
and its use in the manufacture of sugar from sor- 


* The formula for completely denaturing alcohol given by the regula- 
tions of the United States Internal Revenue is as follows: To 100 parts of 
ethyl alcobol add 10 parts of approved methyl alcoho! and one-half of 1 
part of approved benzin. Formulas for special denaturants for specific 

rposes are to be submitted by manufacturers to the Commissioner of 

nternal Revenue, who will announce from time to time what formulas 
may be used in the several! classes of industries. 

+ For the text of the law permitting the use of denatured alcohol. tax- 
free, for industrial purposes, see SCIENTIFIC AMERICAN SUPPLEMENTS 
1607, 1608, 1609. 
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ghum. During the year ended June 30, 1905 2119. 
830.9 gallons of spirits were withdrawn for these py. 
poses. Details in regard to such withdrawals can be 
obtained from the Commissioner of Internal R. venue, 
whose annual report for the year ended on the date 
mentioned furnishes valuable information for those 
proposing to engage in any way in the distilla‘ ion of 
alcohol. 

Attention should also be called to the fact tha: large 
quantities of undenatured alcohol are manufacty:> ip 
the United States on which no tax is paid. The prin. 
cipal sources of this alcohol are as follows: 

Hard Cider.—The natural conversion of sweet «ider 
into hard cider by the ferments which it contains ig 
a process in which large quantities of alcohol ar pro. 
duced and on which no tax is paid. The term al: oho} 
when used alone does not apply to such products. but 
only to alcohol produced by distillation. As is wel) 
known, the sugar which is one of the principal con- 
stituents of fresh cider is mixed with yeasts which 
naturally attach to apples, so that when exposed with- 
out sterilization fermentation takes place, the sugar 
disappears, and alcohol is formed. If we assume that 
the average apple juice contains 12 per cent of fer- 
mentable matter, it is seen that about 6 per cen! of 
alcohol may be developed in a hard cider. No tax is 
put upon this cider, nor is there any supervision on 
the part of the Commissioner of Internal Revenue in 
its production. 

Wine.—In the manufacture of wine the natural 
yeasts which attach to the grapes produce in the ex- 
pressed grape juice a fermentation by means of which 
the grape juice is converted into wine. This is a vast 
industry in many countries and a very important 
industry in the United States. The alcohol which is 
formed in this way pays no tax, nor does the manufac. 
turer of ordinary wines conduct his business under 
the supervision of the Commissioner of Internal Reve- 
nue. What is true of the juices of the grape and the 
apple is true of other fruit juices. They may be all 
of them fermented and their sugar converted into alco- 
hol without government supervision and without pay- 
ing any tax. But when the alcohol which is produced 
by the fermentation of fruit juices is subjected to dis- 
tillation it comes under the control of the Commis- 
sioner of Internal Revenue. The distillation of alco- 
hol from water products is conducted under special 
regulations authorized by law. 

Sweet Wine.—Brandy and other distilled spirits 
made from grapes or their refuse may be used for 
fortifying sweet wines upon the payment of a nomi- 
nal tax of three cents a gallon, as provided for by act 
of Congress. 


SOME REMARKS ON THE MANUFACTURE OF 
MALT.* 
By Dr. P. MARTENS. 

In critically reviewing the malts tested during the 
past year in the laboratory of the Scientific Station for 
“Pure Products,” it must be admitted that in not a 
few instances the quality of these malts left much 
to be desired, and as we are now entering upon a 
new campaign, it seems desirable to briefly indicate 
the defects noticed and trace them to their probable 
causes. The fact that a certain percentage of the 
malts examined were of the highest grade affords 
sufficient proof that it is perfectly possible by means 
of the American appliances to convert our domestic 
barleys into malt of the best quality, and that the de- 
fects noted in the inferior products might have been 
partly, if not entirely, prevented. 

The most important factor in the production of a 
high-grade malt is undoubtedly the quality of the 
barley which constitutes the raw material. Inasmuch 
as the quality of different crops varies considerably, 
and even barleys grown in the same section of the 
country show marked differences, it is by no means 
easy for the maltster to secure uniform results, and 
he must give due attention to the special character 
of every barley he uses to obtain a satisfactory malt 
from it. As nearly as possible, however, he should 


‘endeavor to procure barleys of like origin, and he 


should also be careful‘not to mix them with other 
barleys, as there can be no question that by observing 
this precaution a more uniform product is obtained 

The barleys are supplied to our malt houses in @ 
condition which, in most cases, necessitates careful 
treatment to remove dust, the seeds of weeds, light 
and damaged kernels and the like. Admixture with 
the well-developed kernels (especially those of ‘he 
six-rowed barleys)—there are small and poorly ‘(e 
veloped ones whose behavior in malting is very ()'ler- 
ent from that of the former, and which therefore 2D- 
favorably affect the quality of the malt, both as ‘) ''s 
growth and solubility. There is no question that wen 
the kernels are of uniform size, the process of !iult- 
ing is greatly facilitated and the beer brewed ‘om 
the malt of better quality. For these reasons ca‘ ful 
attention should be bestowed on the grading of the 
grain. The different sizes should be worked up -¢P 
arately. 

No matter how carefully a barley may be cle ied, 
it is always desirable to supplement it by washi in 
the steep, and the light kernels that rise to the 5! ace 
of the water should be thoroughly skimmed off. 

The object of steeping, as is well known, is ' up- 
ply the barley with the water required for the vel- 


opment of the sprouts. The amount of this 
varies with the character of the barley, and fo = 
reason all barleys cannot be treated alike. The alt 


ster must give close attention to watching the point 


— 
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when a sufficiency of moisture has been taken up, for 
which purpose he may employ the various practical 
t's, such as squeezing between finger and thumb, or 
pl cing the kernel between the teeth, etc. The time 
of steeping depends also upon the temperature and 
the composition of the steeping water. The warmer 
the softer the water, the lighter and more moist 
{ barley, the shorter should be the time allowed 
f steeping. Under-steeped barleys show a retarded 
mination and yield malt of defective solubility; 
ssive steeping, on the other hand, renders the 
ch substance milky, promotes the growth of mold 
destroys the germinating power of many of the 
ke nels. It is especially during the steeping that bar- 
le « of the same character and size are most desirable; 
fo the time of steeping should be carefully regulated. 
In mixed barleys the heavy kernels may still be hard 
wile the smaller ones had been steeped too long. 

The next stage, the germination of the barley, is 
ove of the most important in the production of malt. 
Not only is it intended by its means to effect a proper 
dissolution of the starch substance, but also, as has 
offen been pointed out in recent years, of the prote‘ds. 
!! may be remarked here that a proper modification of 
the starch and proteids can be secured without losing 
sizht of the other great aim of the maltster, and that 
is securing as high a yield of extract as possible. We 
have frequently examined malts in the production of 
which the barley had not been allowed sufficient time 
for growth, or had undergone forced germination. 
Such malts show a long, though irregular grown 
crospire, and their starch substance is very imper- 
fectly modified. As a result of forced respiration 
their extract yield is generally low, and, what is of 
even greater moment, the changes in the composition 
‘ff the nitrogenous constituents are unsatisfactory. 
(he proteids resulting from forced malting are unde- 
sirable owing to their tendency to produce turbidity 
in the beer; hence it is evident that great pains should 
be taken to insure a proper modification of the pro- 
iein by suitably regulating the germination, particu- 
larly where it is intended to produce beer for bottling 
which must have good keeping qualities even at low 
‘emperatures. Practical experience indicates that the 
defect may be remedied by allowing the growth of the 
barley to continue for several days at a lower tem- 
perature. A germinating period of four to five days 
is decidedly too brief; for barrel beers it should be 
at least six to seven days, and for bottle beers pre- 
ferably somewhat longer. 

The changes that take place during the flooring 
period continue on drying the malt, at least on the 
upper floor of the kiln, provided the material has a 
suitable moisture content. Care should be taken, how- 
ever, to prevent this. A proper modification of the 
starch, as well as of the proteids, should be accom- 
plished before kiln-drying. The objects of this latter 
process are, first,.-to remove the moisture, so that the 
malt may be properly stored, and, secondly, what ap- 
pears even more essential, so to regulate the drying 
temperatures and the draft that the product acquires 
the desired flavor and character. The only way in 
which this can be accomplished is by completing the 
kiln-drying at higher temperatures. If the finishing 
off takes place at too low a temperature, the product 
will be green and lacking in aroma, yielding a beer 
devoid of character. We have repeatedly noticed such 
malts which had only been dried without being prop- 
erly cured. In some quarters there seems to be a 
prejudice against finishing off at high temperatures, 
on the ground that it might have an unfavorable in- 
fluence on the color of the malt. This, however, is en- 
\irely erroneous. It is only necessary to render the 
malt properly dry on the upper floor of the kiln be- 
fore exposing it to the higher temperatures of the 
lower floor; the malt will then never become unfit for 
the production of the light beers which are so popu- 
lar in this country. The advantages thus secured af- 
fect both the flavor and the keeping qualities of the 
beer. For this reason the maltster should exercise the 
greatest care in maintaining the proper temperatures 
on the upper floor of his kilns. In certain cases the 
quality of forced malts may be improved on the upper 
kiln floor by allowing it to dry at a temperature which 
allows the processes of respiration and modification 
to proceed. But if the malt is taken from the upper 
floor before it is sufficiently dried, then the production 
cf a pale malt is impossible; the diastase content is 
reduced and part of the starch gelatinized, rendering 
the malt glassy. 

In the foregoing no attempt is made to describe any 
-pecial methods, systems or appliances; our discus- 
sion is confined to a few points of general interest. 
The principles of malting are universally the same; 
the maltster who has mastered them and knows how 
to intelligently adapt them to given conditions is 
hound to secure better results than he who follows 
an invariable scheme. 


Our ideas about the treatment of men by those in 
thority have undergone a vast change in the past 
‘w years. We are, for instance, only now beginning 
realize that it pays better to educate our criminals 
an to keep them in solitary confinement, and our 
ate money is being directed toward making our 
enal institutions places where the inmates will re- 
‘ive instruction and be surrounded by influences 


hich will make them good citizens after incarcer- 

ion instead of imposing punishment upon them for 
useless object of satisfying revenge, which treat- 

‘nt having been found to develop resentment tends 
increase rather than diminish the criminal pro- 
itv 


THE USE OF TAR ON ROADS.* 
By JAMES OWEN. 


Wuite the users of the present improved highways, 
either in carriages, wagons, or automobiles, have prob- 
ably not noticed a more rapid deterioration of the 
roadways, it has become apparent to those in charge 
of their construction and maintenance that more care 
and more money are required to keep the surface up 
to the proper standard; it is therefore obvious that 
with the probable enormous increase of automobile 
and other travel due to the perfection of surface, other 
means and methods should be sought that will be 
more efficacious and also as economical. 

Another source of trouble arising from the extended 
use of the highways is the dust. This is of such ex- 
tent that it is not only troublesome to the traveling 
public, but a positive injury to abutting property, 
whether residential or used for farming. In, fact, fruit 
raising near a much-used highway is almost a thing 
of the past. This dust nuisance has been the cause 
of recent investigations in Europe of means and meth- 
ods for its abolition, and it will be in order to give 
a brief outline of experiences and results. 

In congested communities, able to afford it, the past 
practice has been to use water, by periodically sprink- 
ling it on the surface. This has suppressed the dust, 
but it has the effect of rapidly rotting the roadway 
unless extreme care is used in the application. Of 
later years other material has been used, such as tar 
and crude oil, and in the consideration of these ex- 
traneous materials I wi]l give a short outline of what 
has been done and attempted in Europe and this coun- 
try. 

France seems to have been the first country 
to consider the subject, for in 1880 the engineers 
at Saint Fay la Garde used tar, but the undertaking 
was not a success. In Oran, Africa, in 1898, M. Cardy 
had some roads oiled with aloe oi] and massat oil and 
the results were so favorable that other towns in 
Algiers adopted the process. In 1898, however, ex- 
tensive experiments were begun in California and 80 
miles of roads were there successfully sprinkled with 
oil. 

In 1900 Engineer Rimini of France prepared a patent 
mixture of tar with a drier, the mixture being in- 
tended to hasten the drying process, but it did not 
give good results, In 1901 experiments were made in 
France with tar and oil, and since then experiments 
have been conducted in various localities in that 
country with all kinds of material, especially tar. 
The tar manifested such a _ superiority over any 
other material that it was used exclusively in 
the further experiments for its practical ap- 
plication. The results of the investigation for prop- 
er application of tar in France may be summarized 
as follows: The application must be undertaken 
only in dry weather. The roadway must be perfectly 
clean, dry, and well kept. The tar will not stick if the 
roadway is damp, but becomes loose after a short time. 
In cold weather the tar becomes stiff too quickly and 
does not spread, besides it does not penetrate the sur- 
face of the road. If the latter is not entirely clean 
and free from dust the tar does not cling to it but 
becomes mixed with the dust when it is spread on 
the road. 

In the application of the tar to the surface it was 
found that better results were achieved if the tar was 
heated to a sufficient temperature to enable it to flow 
freely, about 200 deg. F. Many devices have been 
originated for properly heating and distributing the 
hot tar. One, used at Neuilly, consists of a hearth 
with a tar reservoir over it, and a smokestack to in- 
crease the draft. Two kettles are used at one time, 
so that the tar can be warmed in one while the other 
is in use. The material is drawn into pots with an 
open spout and poured on the surface. This plant is 
for a moderate application. 

For large stretches a large plant was designed by 
M. Audoin, consisting of a sprinkling barrel which 
consists of a cylinder of about two liters capacity 
which rests upon a two-wheeled truck and is filled by 
means of a pump. The tank is warmed by a portable 
hearth which is pulled from under the cylinder after 
the proper temperature has been attained. At the 
rear of the tank there is, as in sprinklers, a distribut- 
ing pipe with a number of holes which spread the 
tar for a distance of five feet. The contents of the 
tank are sufficient for covering a length of 375 feet. 
If smaller tanks are used, or even simple sprinkling 
pots with open nozzles, the tar is spread over by means 
of brooms to insure even distribution. 

In France it was found that before a tarred roadway 
is given over to traffic it is necessary to sprinkle the 
tar with a coating of sand. The same further hardens 
the tar, protects it and prevents slipping of horses. 
It was found that the sand should be scattered after 
the tar has been allowed to harden for two or three 
days. Attempts have been made, however, to coat a 
road with tar and sprinkle it with sand, and imme- 
diately turn the street over to traffic. Some of the 
sections do not seem to wear aS well as the sections 
where the coating was given two or three days to 
harden. Others wore quite as well in spite of im- 
mediate subjection to traffic. To spread over the tar 
a rather coarse gravelly sand was used, occasionally 
fine sand, and here and there the street dust which 
had been swept together just before tarring. It is to 
be noted that gravel and gravelly sand gave bad re- 
sults, for the lArger pieces were forced into the tar 
coat under the action of traffic and made holes. By 
the use of street sweepings better results were ob- 
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tained, although this is inferior to river sand, The 
streéet-sweeping dust absorbs certain lighter parts of 
the coating. The best sprinkling material is fine sand, 
which was used on a section in the proportion of 
about 1 cubic meter to 2,000 square meters of tarred 
road. It is advisable to stop traffic entirely two or 
three days during the hardening of the tar. Where 
this is not feasible and would cause much inconven- 
ience, first one half and then the other half of the 
street may be tarred. The period of hardening for 
the tar varies between two and five days according to 
the temperature, situation of the street (i. e., if ex- 
posed to wind or not), the composition of the tar ma- 
terials, ete, By the addition of heavy oils the period 
of hardening may be lessened. 

The results of the tar application in France were 
found to be as follows: 

August 1, 1902, a section of road about 370 feet long 
and 12 feet wide at Champetery was tarred. It had 
lately been repaired with slag and gravel and was in 
good condition. Travel was small. From August to 
November, 1902, the coating wore well, no dust or 
mud, and the street dried well after storms. From 
November, 1902, to April, 1908, several traces of wear 
were discernible, the stones showing through. During 
a rainy period the tar layer raised in places and 
formed with the tar remnants which came out at the 
denuded spots in a thick, sticky slime, which after 
drying served as a coating. From April to July, 1903, 
the tar disappeared in places, chiefly in the middle of 
the road, In July, 1903, the Avenue de la Tourelle in 
Sainte Mande was tarred. This avenue, which has a 
very heavy bicycle and automobile traffic, had a lime- 
stone surface laid in May, 1903. The tarring was done 
in July, same year, in damp, cool weather, and the 
results were excellent. The tar disappeared in places 
where the surface was not entirely dry when it was 
applied. This road was retarred in June, 1904, and 
there was still tar in places although not enough to 
prevent dust. 

These and other experiments show that the tarring 
of the surface lasts about a year, and during that time 
there is no dust and little mud. It is, however, the 
unanimous view of the French experts that the wear 
of the roadway is increased through the tarring pro- 
cess. This can readily be appreciated since there is 
little dust and hence less abrasion of the stone. The 
tar surface is also waterproof and prevents deteriora- 
tion from penetration of the water. There is also a 
strong claim made as to the benefit of tar as a hy- 
gienic measure, as it has a decided antiseptic action. 

In England exclusive use is also made of tar for 
the maintenance of the surface of the roads and pre- 
vention of dust. 

In this country the use of tar has become a recog- 
nized practice, although at present it is not extensive. 
One of the first applications was made in Jackson, 
Tenn., where a very successful experiment was made 
on practically the same lines as in France. The tar 
was heated to a temperature of 210 deg., and 
run over the road through a 1'4-inch hose with a 
l-inch nozzle. The surface of the roadway was then 
broomed and covered with a light coating of clean 
sand and screenings and rolled with a steam roller. 
This coating lasted about seven months. A_ section 
cut through the surface showed that the tar had pene- 
trated one to two inches. 

The town of Montclair, N. J., in the year of 1894, 
coated one of its streets on a steep grade with a mix- 
ture of tar and screenings, and after a year of use it 
showed little resuit of wear. At this time patches 
of the original surface are visible, showing the 
wear, This year the town has covered about a mile 
of roads and their surface is universally satisfactory, 
perfectly clean and smooth with no dust or mud. The 
cost of the 3,400 feet treated this year was 50 cents 
per lineal foot or 17 cents per square yard. This in- 
cluded 300 yards of cracked stone and screenings, and 
if this item be eliminated from the outlay it will be 
found that the cost of tarring alone would be about 
5.66 cents per square yard, comparing favorably with 
the French result. The authorities of the village of 
South Orange, N. J., are also extensively repairing the 
streets with tar, with good results, and the Borough of 
Queens, New York, has also treated miles of its roads 
in the same way. 

There seems to be one radical difference between 
the French practice and that adopted here. In France 
they merely sprinkle the surface of the spread tar 
with sand, especially rejecting gravel, as they find the 
coarse material breaks up the surface of the hardened 
tar. In this country a coating of screenings is uni- 
versally spread upon the tar with the design of incor- 
porating as much as possible the tar with the dust 
Taking the practice in this country of using stone 
dust we find of course a large increase in cost by the 
extra price of the stone. On the other hand we have 
the saving of wear on the road itself by the fact that 
the ter .nd dust mixture acts as a cushion and lessens 
abrasion. 

In this country a material has been put on the mar- 
ket known as Tarvia, which is being extensively used 
as the means of allaying dust, and so far its applica- 
tion fills the want for immediate delivery of a tar 
preparation for road surfacing. Whether in the larger 
use of tar in the future its market price will be as 
economical as the use of ordinary coal tar is a fact 
that remains to be proved. 

Tar as a medium for binding stone is no recent in- 
novation. Years ago tar pavements were in great de- 
mand and use, and some of them are in existence to- 
day, but the knowledge of its use and properties ig 
much more intimate than it was at that period, 
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A SUBMARINE LAMP. 


Tue Yale submarine lamp, invented by Mr. Francis 
G. Hall, is declared by divers who have used it 
that the lamp is not only of great assistance in 


was found necessary considerably to cnange the meth- 
ods of operation and equipment. The question of 
light was solved by the Yale submarine lamp, and its 
inventor, collaborating with Mr. W. P. Pressinger, of 
the Chicago Pneumatic Tool Company, succeeded in 


THE LAMP AND ACCESSORIES PACKED IN A CHEST FOR 
STORAGE OR SHIPMENT. 


submarine work, but may almost be said to 
revolutionize the present methods of carrying 
on diving operations. The invention has passed 
the experimental stage, and has been in practical use 
for several years by the United States, British, Rus- 
sian, and Italian governments and the Merritt & Chap- 
man Derrick and Wrecking Company. Through its 
aid, work hitherto believed impossible under water 
has been accomplished with ease and certainty. Ow- 
ing chiefly to the fact that comparatively few intelli- 
gent persons, not professional divers, have ever ventur- 
ed to don diving armor and descend below the surface, 
an air of mystery has come to enshroud the work of 
the submarine diver. In the shadow of a ship’s hull, 
of an obstruction, or at depths of fifty feet or more, 
there exists an impenetrable gloom even in fairly clear 
water, while in nearly all of our harbors the discolora- 
tion due to suspended sediment in the water is such 
that the sun's rays never reach the bottom. With the 
submarine are light the yachtsman in search of recrea- 
tion, or the professional diver in the pursuit of his 
vocation, may descend to the bottom and explore or 
work in perfect ease, for the light of this lamp il- 
lumines almost as bright as day a space the size of a 
large room. 

One of the accompanying illustrations shows the 
electric light outfit for general use, compactly stowed 
in its chest, ready for shipment or instant service 
The lamp, submarine cable, switch, connection box, 
wrenches, spare parts, and supplies are all contained 
in the ene receptacie. The Yale lamp comprises a 
watertight metallic casing inclosing a mechanical reg- 
ulator of special form. Beneath the casing is a double 
glass chamber protected by a rigid metal guard, and 
holding the carbons. When the lamp is submerged, 
it gives forth from the glass chamber a clear, brilliant 
light as strong as that of the average street arc lamp. 
When in use the diver may carry the lamp about by 
means of the guard, which is adapted to serve as a 
handle; he may set it down, or suspend it in a con- 
venient manner directly by the cable, no ropes being 
required. The weight of the device under water is 
but a few pounds, just enough to keep it in position 
in a current or tideway. The cable conducting the 
current to the lamp is connected to a junction and 
switch plate controlled by the diver’s attendant. From 
this plate connection is made to a neighboring elec- 
tric circuit, a storage battery or a small generator 
outfit supplying the electric power. Compact, of few 
parts, and simple in operation, these submarine out- 
fits provide a perfect light for use under water or in a 
gaseous atmosphere, for use aboard ship, about dock- 
yards, mines, waterworks, and marine engineering 
construction. 

The naval battles of the late Russo-Japanese war 
have shown that even with the most modern and up- 
to-date vessels, it is practically impossible to make 
thorough underwater repairs without the assistance 
of divers. Hitherto, diving methods have been seldom 
resorted to, and consequently these have remained 
practically the same as they were forty years ago. 
Thus when the diver had a task to perform, he in- 
cased himself in his water-tight suit with air tubes 
attached, was sealed up in it, and went overboard. 
When he reached the point where the defective part 
was supposed to be, he groped around in the dark 
until he found it, and then with the aid of hammer, 
crowbar, chisel, or other crude hand tools, and usually 
by the sense of feeling alone, he began his work. It is 
easy to understand that only the simplest makeshift re- 
pairs of doubtful permanence could be made under 
such unfavorable conditions. In order to render the 
services of a diver of real value in making durable 
repairs at any depth of water, or in murky harbors, it 


substantially increasing the diver workman’s efficiency 
by means of new submarine pneumatic tools. Letters 
patent to protect the inventions have been taken out 
here and abroad. A complete equipment of pneumatic 


A SUBMARINE PHOTOGRAPH TAKEN WITH 
THE AID OF THE YALE SUBMARINE LAMP. 


submarine tools can be carried by a vessel convenient- 
ly packed in a chest of comparatively small size. 

It is confidently expected that by means of these 
new inventions it will be possible to make permanent 
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cruise to the Far East, only to arrive with a squadron 
of vessels incrusted with marine growths and wuicer. 
tain as to the seaworthiness of the hulls. 


THE FUEL ITEM AND REAL ECONOMY, 


A BECENT number of Power notes that engineers have 
come to recognize that the engine which uses the lest 
amount of steam or the plant which uses the least 
coal is not necessarily the most economical plant ‘o 
put down. The ultimate cost of running a plant must 
include attendance, depreciation, interest, insuran:: 
taxes, etc., as well as fuel, and the fuel item is for 
the ordinary case not more than 50 per cent of the 
total and may be 30 or less. If the fuel item is cut iy 
two by an investment which doubles the standin« 
charges, the ultimate result is likely to show on th 
wrong side of the ledger. This, as we started by say 
ing, has come to be well recognized, and we see less 
striving after record steam consumptions without re 
gard to the cost of attaining them. There is another 
factor, however, which, always present and potent in 
the mind of the man with his hand on the purse 
strings, is not sufficiently considered by the engineer. 


Supplies and repairs.......... 1.00 1.50 


Annual cost per horse-power. . $18.00 $18.00 

Suppose a man who has a plant, the performance of 
which is represented by the first column of figures, 
yields to the representations of the advocates of greater 
efficiency and puts in modifications which reduce the 
fuel item 40 per cent, but raise the other items corre- 
spondingly. If the business persists and succeeds, if 
the plant is run for the estimated number of hours at 
the estimated capacity, if the depreciation has been 
so wisely fixed that the plant at any time could be 
sold for its cost, less the allowed depreciation, then 
the investor would be just as well off in the one case 
as in the other. But suppose an interruption to or a 
failure of the business; or suppose, however success- 
ful the business may be, that the owner wants to get 
out—then the less he has invested in it, the more 
nearly foot-loose he is, the better he is off. If the 
interruption is extended, or even if the output is con- 
siderably reduced over an extended period, the stand- 
ing charges become an exorbitant proportion of the 
total. If the plant must be broken up, the depreciation 
will be enormous. Much of the cost which went into 
foundations, labor of erection, etc., will not appear in 
the selling value of the machinery, piping, etc., much 
of which, a first-class asset to the active concern at its 
market price installed, would be not much better than 
junk thrown onto the market. A machine becomes 
second-hand after it has been set up and run for ever 
so short a time; and did you ever try to sell it? 

The difference between the first and the second cases 
must be sufficient to cover, in the mind of the investor, 
these exigencies and possibilities. He would rather 
have the money in the bank, where he can get at it 
when he wants it, than invested in a venture which 
may net him 10 per cent annually if the business lasts 
long enough to use up the plant for which the money 
is spent. 


WATER FOR TABLE USE.* 

Ir would hardly seem necessary to direct the atten- 
tion of anyone to the desirability of pure water, clean 
water coolers, pitchers, water bottles, and drinking 
glasses, and pure ice. Yet, to the careful observer, it 
is evident that many persons not only overlook the 
first requirements of an attractive table in these re- 
spects, but are careless of the water and ice supply to 


MAKING UNDERWATER REPAIRS BY MEANS OF THE YALE LAMP. 


repairs, outside as well as inside the hull, to a vessel, 
even under fire. In addition it would seem that a 
fleet in cruising trim might be kept fairly clean and 
in good repair during an extended cruise and without 
recourse to the drydock. What this means can best be 
appreciated by Admiral Rojestvensky, who was oblig- 
ed to make frequent and costly delays on his long 


an extent which menaces the health of the household 
Water may be clear, cold, free from odor and taste. 
and yet be unfit for drinking purposes because of 


mont Sta. Rpt. 1898, gi 177; West Virginia Sta. Bal. 89; U 8S. Dept, 
Agr., Bur, Vhem, Bul, 91; Mass, State Bd, Health Rpts, 1900-1904, 
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[In the same way ice may look clean yet contain objec- 
tiouable matter, including harmful micro-organisms. 

As a part of their regular work a number of the 
acricultural experiment stations, including among 
oth rs those of California, Connecticut (State), Idaho, 
Inviana, Massachusetts, New Hampshire, South Caro- 
lina, Vermont, and West Virginia, have made examina- 
tion of potable waters with a view to determining 
their purity and fitness for household use. In some 
of ‘his work the ice supplies also are included. In 
some of the States such examinations are also made 
uncer the auspices of the State boards of health. 

in Massachusetts the inspection of water and ice 
sup) lies has formed a very important part of the work 
of ‘he State board of health for many years, and an 
experiment station for the study of water supply, sew- 
age disposal, and related questions has been estab- 
lished and many problems relating to water supply 
have received extensive study. 

That water may often be undesirable for drinking 
purposes is illustrated by studies at the Vermont Ex- 
periment Station. Of 231 samples of water from 
springs, wells, ponds, etc., analyzed, 22 per cent of the 
spring water, 50 per cent of the well water, and 41 
per cent of the water from ponds, etc., were found to 
be impure, or at least of doubtful purity. Of four 
samples of pond ice examined, all were unfit for use. 

\ simple way of securing wholesome water for 
drinking purposes in the home is to boil it. Many 
persons object to the taste of. boiled water and insist 
that it is flat and unpalatable. Fresh water owes its 
sparkle to the air dissolved in it, and the flat taste of 
boiled water is due to the fact that the air normally 
present in drinking water has been almost entirely 
driven out by heat. A few minutes’ vigorous boiling 
is sufficient for ordinary safety; and if fresh water is 
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cion. It must be remembered that water from an un- 
contaminated source may become unwholesome if it is 
carelessly bottled or marketed in unclean receptacles. 

The Bureau of Chemistry of this Department has 
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place or to tampering with the contents of the bottles 
by the dealer. 

Very many persons who are very careful to secure 
pure water for their tables do not exercise the same 


HOW THE STENOPHILE IS OPERATED. 


reported* an extended series of investigations which 
have to do with the mineral waters of the United 
States, most of them being those which are sold in 


of O 
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boiled for a short time only, it retains more or less air 
and when properly cooled is by no means unpalatable. 

Water properly distilled is free from harmful im- 
purities and is very satisfactory for household use. 
Several stills, simple in construction and operation, 
have been devised which are suitable for use in the 
home. Such a still has been described in an earlier 
publication of this department.* Several years ago the 
statement was quite widely circulated in popular jour- 
hals that distilled water was very unwholesome, be- 
cause it dissolved and removed from the tissues neces- 
sary salts. So far as can be learned, there was no 
experimental evidence for such a statement, nor is this 
belief commonly held by well-informed physiologists. 

Boiled, distilled, or other water which is perfectly 

Satisfactory for drinking purposes is frequently con- 
taminated by adding dirty ice or by keeping it in a 
water cooler which has not received proper attention. 
If there is any doubt as to the ice supply it certainly 
Seems the part of common sense to cool the water in 
receptacles placed near the ice, or in some other way so 
that it is out of actual contact with the ice. Under 
favorable conditions the process of freezing is un- 
doubtedly a process of purification, but it may be safe- 
ly assumed that under ordinary conditions contamin- 
ated water will produce an impure and unsafe ice. 
Moreover, ice is generally handled in a manner which 
is not conducive to cleanliness. Obviously such ice 
should not come in contact with food or drink. Its 
beneficial effects can be obtained without actual con- 
tact, and contact means contamination. 
The sale of potable waters for table use has greatly 
increased within recent years, owing to the fact that 
Many persons distrust the ordinary water supply and 
believe that by purchasing water in bottles or jugs 
they are sure of obtaining something which is entirely 
Satisfactory. 

The Connecticut State Experiment Station recently 
examined a considerable number of samples of such 
Waters and found that although the majority of them 
were of good quality a number were not above suspi- 


bottles and more or less extensively used, some for 
medicinal purposes and others, particularly those con- 
taining only a small amount of mineral matter, as 
table waters. These investigations showed that in 


precautions with the water used in their kitchens for 

yashing vegetables, etc., and iettuce and other foods 
which are eaten raw may appear on the table after be- 
ing washed in water which is not fit to drink. 

A good illustration of the need of pure water for 
household purposes is afforded by experiments at the 
Iowa Experiment Station on the keeping quality of 
butter washed with pasteurized and unpasteurized 
water. In every case the butter washed with the 
sterile water kept better than the other. 

The dangers from wells and other water supplies, 
the precautions which should be taken to insure pure 
water, and other related questions have been discussed 
with reference to the importance of pure water on 
farms in earlier bulletins of this Department.*—Pure 
Food Products. 


A SHORTHAND-WRITING MACHINE.} 
By Dr. ALFRED GRADENWITZ. 


Wuite the typewriter in an extremely short time 
has pervaded every field of trade and industry, and 
is now an indispensable instrument of even the most 
modest office, the task of replacing the old-fashioned 
process of manual shorthand-writing by a more effi- 
cient mechanical method was not undertaken by in- 
ventors until a few years ago. 

The shortcomings of manual stenography are known 
to all those who, directly or indirectly, have had to 
do with any one of the existing systems. Though a 
trained writer is able to follow ordinary speech at a 
fair speed, the signs of which all the existing systems 
are composed are eaSily deformed, so that, if some 
time be allowed to elapse between dictation and tran- 
scribing, there will always be some risk of misinter- 
pretation of the shorthand record. Moreover, even 
the most simple systems of shorthand writing require 
a long apprenticeship, and third, it is well-nigh im- 
possible for any third person to decipher a shorthand 
record. 

While the typewriter prints a letter at each stroke 
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many cases when such waters reach the consumer a 
bottle may not contain the water indicated by the 


* U.S. Dept, Agr., Farmers’ Bul, 124, p. 5, 


label, owing either to incorrect labeling in the first 
* U. S. Dept. of Agr., Bureau of Chemistry Bul. 91, ? 


of the finger, a “stenotyper’ 
a syllable by the same operation, to allow for the ad. 


should obtain a record of 


° U.S. Dept. Agr., Farmers’ Buls 43 and 73, p, 3. 
¢ Specially prepared for the ScientTiFic AMERICAN SUPPLEMENT. 
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ditional speed required for shorthand writing. The 
writer is acquainted with two types of stenotypers, of 
English and Frenca origin respectively, which, having 
sprung up of late years, have attracted a fair amount 
of attention. The greatest drawback inherent in these 
shorthand-writing machines was, however, the fact 
that the records were obtained in conventional signs 
or figures, and that a considerable training was re- 
quired to master them. This inconvenience is avoided 
in the machine invented a short time ago by Bivort, 
of Paris, and to which the name of “sténophile” has 
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A FRENCH STENOGRAPHIC RECORD AND (TO 
THE RIGHT) ITS FRENCH LONGHAND 
EQUIVALENT. 


been given. This is based on the use of plain printing 
types, the alphabet being so ingeniously combined that 
a syllable, and in some cases even two or three sylla- 
bles, may be printed at a time by simultaneously strik- 
ing several keys. Some letters of related sound have, 
however, been combined, as for instance DT, thus 
reducing to twenty the number of keys contained in 
Bivort’s keyboard. Phonetic spelling is obviously em- 
ployed to facilitate the use of the machine, which can 
be adapted to most of the European languages, by ex- 
changing the type-supporting carriage. 

In our diagram of the machine ( is the advancing 
wheel, 2 the coil of printed paper, 1 coil of blank 
paper, 5 the reversing button for the inking ribbon, 
6 and 15 the bobbins of the inking ribbon, 7 the ad- 
vancing rack wheel for the printed paper, 9 the type 
levers, 12 and 14 the stopping buttons for the rollers 
carrying the paper coils, 13 the carriage bearing the 
types, figures, and signs, 16 and 17 the paper-compress- 
ing spindles, 18 the printing roller made of caoutchouc, 
22 the keyboard and keys, and 23 and 24 the switching 
keys serving to exchange the types for the figures, and 
pice versa, 

As the names of the types are written plainly on 
each the handling of the machine does not entail any 
apprenticeship worth mentioning, a few days’ training 
being sufficient to write 50 words per minute, while the 
normal! speed of 125 to 150 words is attained after less 
than two months. Speeds of 200 words and upward 
are obviously quite practicable. 

AN INTERNATIONAL SOUTHERN TELESCOPE.* 
By Epwarp C, PICKERING. 

Ir is difficult to find a department in the arts or 
soiences which was not studied by that eminent and 
practical man, Benjamin Franklin. As his interests 
were mainly in the practical side of life, it is sur- 
prising that one of the least practical subjects, the 
study of the appearance of the heavenly bodies, should 
have attracted him. Yet we find that he was prob- 
ably the first to bring a reflecting telescope to this 
country. It illustrates the widespread and keen de- 
sire of man to probe more and more deeply the side- 
real universe. It is also remarkable that the reflector 
after falling into disuse for many years, should now 
appear to be the form of telescope best adapted to 
this end. The object of the present paper is ta pro- 
pose a practical plan by which a telescope of the 
iargest size should be so constructed and used as to 
lead to results of the greatest astronomical value. 

So careful a study has been made of astronomy, 
during the last half century, that it is not easy to 
secure a real advance. We must, learn from the suc- 
cess attained in industrial enterprises, and spare no 
pains to secure the best possible conditions in every 
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LOCATION, 


If we take a map of the world and mark upon it 
the principal observatories, we shall find that nearly 
all of them are in locations especially unsuited to good 
astronomical work. Almost all are near large cities, 
capitals of countries, or great universities. These are 
centers of civilization, since the climate is temperate 
and frequent rains promote agriculture, inland navi- 
gation, and the support of large populations. The 
very conditions that have rendered man’s progress 
successful are those most unfavorable to good astro- 
nomical work. Besides these, smoke, electric lights, 
and jars, all fatal to the most careful study of the 
stars, accompany the growth of large cities. If we 
divide the earth into cloudy and clear halves, nine- 
tenths of the observatories will lie in the cloudy re- 
gions. 

There are three extensive clear regions upon the 
earth. The first and largest includes nearly all of 
the interior of northern Africa. There is no large ob- 
servatory in that region. The second is in South 
Africa. The only large observatory there is in Cape- 
town, an exceptionally cloudy part of that region. The 
third region is the interior of Australia, The princi- 
pal observatories are on the coast, at Melbourne and 
Sydney. 

If we arrange observatories according to latitude, 
we find that six-sevenths of them are between latitudes 
+ 35 deg. and + 60 deg., or the latitudes of Spain and 
Scotland. A large part of the southern sky, contain- 
ing many of the most interesting objects, can never 
be seen from the observatories of the United States 
or Europe. If we are to erect the greatest telescope 
in the world it will have a much wider field of use- 
fulness if placed in the southern hemisphere, where 
comparatively neglected objects can be studied. 

A location should be selected at a considerable ele- 
vation, to avoid the dust and haze of the lower at- 
mosphere. These form the greatest obstacles to the 
use of a large telescope, and their effect is thus re- 
duced to a minimum. lu this respect no place is com- 
parable with South America, where one railway at- 
tains an elevation of 17,000 feec. 

Two locations suggest themselves, the west coast of 
South America, and South Africa. The Harvard Col- 
lege Observatory, after careful study, selected a point 
near Arequipa, Peru. For the last seventeen years it 
has maintained a station there, at an elevation of 
8,000 feet. It is doubtful whether a better location 
can be found, although it is open to two objections. 
It is so near the equator that objects near the south 
pole are always low, and clouds are much more fre- 
quent during the summer, from November to March, 
than during the remainder of the year. If we go 
farther south, the pole is higher, but the weather is 
more cloudy. Sir David Gill, director of the Cape 
Observatory, recommends Blomfontein, It is one of 
the most promising locations. It is thirty degrees 
south of the equator, and the pole is accordingly at 
that height. 

FORM OF INSTRUMENT. 


In the time of Franklin, mainly through the tri- 
umphs of Sir William Herschel, the reflector was con- 
sidered the best form of telescope. This form has 
been frequently used ever since in England, but until 
recently it was seldom employed on the Continent or 
in this country. Dr. Henry Draper, nearly half a 
century ago, recognizing the advantages of the re- 
flector, constructed and used with success one of the 
largest yet made in this country. One firm, Alvan 
Clark & Sons, revolutionized public opinion regarding 
the best form of telescope. The desire to possess the 
largest telescope in the world has been a common 
one. There is perhaps no form of memorial which 
has been more widely known and admired. Five times 
the Clarks filled an order for the largest telescope in 
the world, and, in each case except the first, the pre- 
vious record was their own. They accomplished this 
by making successively for the Mississippi, Washing- 
ton, Pulkowa, Lick, and Yerkes observatories tele- 
scopes of 18, 26, 30, 36, and 40 inches aperture. In 
each case the telescope was 2 complete success. They 
proved one of their principles that whenever they 
could see an error they could correct it. The limit 
of size of telescopes of this form seems, however, to 
be nearly reached. The cost is very great, and the 
engineering difficulties become serious in the largest 
instruments. 

The genius of one man, the late James E. Keeler, 
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respect, however trivial. The best location, the best 
form, the cost, the method of administration, and the 
discussion of the results will be considered in turn. 
It is in the last of these that the greatest advance may 
be expected. An attempt will be made to show how 
these results can be discussed, not by an individual 
or single institution, but by the astronomers of the 
world, and how numerous departments of astronomy 
may thus be advanced to a higher plane. 


= * Read before the American Philosophical Society. 


director of the Lick Observatory, again revolutionized 
the views of astronomers regarding the advantages of 
the reflector over the refractor. Having secured a 
three-foot reflector which previously had done but 
little work, he obtained with it photographs of ex- 
traordinary perfection. Similar results have since 
been obtained with the two-foot reflector of the Yerkes 
Observatory. It has thus been shown that, in certain 
departments of astronomy, especially in photograph- 
ing faint stars and nebule, results could be obtained 
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far beyond those which had been secured with any 
form of refractor. One great advantage of the refle: 
tor is its low price. The cost of a mirror is about 
one-tenth of that of a lens of the same size. The 
great defect of large refractors, the color of the in.- 
ages, due to chromatic aberration, is not present iy 
reflectors. The loss of light by absorption increas« 
rapidly with the size of the refractor, and not at a! 
with a reflector. The difference in focus of rays 0} 
different colors is-so great with a large refractor tha 
the small dispersion needed for photographing th: 
spectra of faint stars cannot be used. No such dit 
ference exists with a reflector. On the other hand, th: 
reflector is much more sensitive to changes of tem 
perature or flexure, and the silver surface becomes 
tarnished and must be renewed at intervals. Never- 
theless, in a very large instrument the advantages of 
a reflector far outweigh those of a refractor. 

It is therefore proposed that the telescope shall be 
a reflector having an aperture of about seven feet, 
and a focal length of forty-four feet, thus giving im- 
ages on a scale of 15 sec. to the millimeter. 

Let us imagine the instrument completed, and de- 
scribe its probable construction. The polar axis is 
inclosed in an iron cylinder, resembling a boiler, and 
resting in water according to the method adopted by 
Mr. Common in the construction of the sixty-inch re- 
flector now at Cambridge. There will be no difficulty 
from freezing, as the instrument will doubtless event- 
ually be erected in a location having a warm climate. 
It would be better, if possible, to counterpoise the 
telescope, taking a large part of the weight off the 
bearings of the polar axis by a series of ball bearings, 
if motion of sufficient uniformity can thus be secured. 
Electric motors furnish abundant power for the mo- 
tions in right ascension and declination, and a motor 
controlled by a clock is used for following. This 
method was employed with entire success in the Har- 
vard telescope, 135 feet long, sent to Jamaica in 1901, 
and in other telescopes. (See Astrophysical Journal, 
xv, 202.) 

The photographic plate is placed at the principal 
focus of the telescope. For. visual work, this is re 
placed by an inclined mirror which reflects the beam 
of light to the side of the tube. It then falls upon an 
astronomical objective of five or six inches aperture, 
and after undergoing a second reflection, is brought 
to a focus in the prolongation of the declination axis 
of the telescope. It is here enlarged by an eyepiece 
in the usual way. All objects on the meridian, or at 
the same hour angle, are thus viewed by the observer 
without changing his position. He and his recorder 
are inclosed in a small observing room which pro- 
tects them from the wind, and which may be warmed 
if desired. When the object is near the meridian, the 
observer is looking horizontally, and east or west. As 
the object moves, the inclination of the line of sight 
gradually changes, about fifteen degrees an hour. It 
is probable that the instrument will be used princi- 
pally for photographic work, and the same method 
will be employed for following. The possibility of 
observing a distant object in this way has been es- 
tablished at Harvard, since 1870, with the two eight- 
inch collimating telescopes of the meridian circle. 
The images compared in this case are nearly forty 
feet apart. An important use of the instrument will 
be in photographing the spectra of faint stars. These 
will be taken in two ways. A concave and a convex 
lens are inserted near the focal plane of the telescope, 
and between this plane and the principal mirror. 
Their positions are such that between them the cone 
of rays of each star is parallel. A prism is inserted 
as described more fully in Harvard Circular 108. For 
measuring the approach and recession of faint stars, 
as described in Harvard Circular 110, a similar device 
is employed. As a large dispersion is required, the 
prism has such an angle that the cone of rays is in- 
clined, and comes to a focus outside the tube of the 
telescope. The photographic plate, therefore, does not 
intercept any part of the incident rays. The reversed 
spectrum is formed by turning the lenses, prism, and 
plate 180 deg. 


cost. 


To establish an observatory of the first class is a 
costly operation. The expenditure for plant, land, 
buildings, and instruments should be two or three 
hundred thousand dollars. The annual income of the 
Greenwich, Paris, Pulkowa, and Harvard observa- 
tories is about fifty thousand dollars, in each case. To 
secure this permanently at four per cent the sum of 
$1,250,000 would be required. Accordingly, the total 
cost would be $1,500,000. To duplicate the resources 
of the U. S. Naval Observatory would involve an ex- 
penditure of at least double this sum, or $3,000,000. 
A sixth part of the last named sum, or $500,000, would 
suffice to carry out the plan proposed in this paper. 
Figures can be given with a good deal of confidence 
since, at Harvard, we have had experience of a nearly 
similar character. A reflecting telescope of two feet 
aperture and its mounting have recently been con 
structed at a cost of less than $4,000. For a larger 
telescope we may assume that the cost of drawings 
and plans will be proportional to the first power, th 
cost of the machine- and hand-work to the square 
and of the material, to the cube of the dimensions 
At this rate, telescopes of six, seven, and eight fee: 
aperture would cost $42,900, $63,000, and $87,400, re 
spectively. The five-foot telescope at Harvard cos 
us much less than this rule would imply, but th 
conditions under which it was acquired were exce! 
tional. Assuming the cost to be proportional to the 
cube of the dimensions, we have the cost in the thre 
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cases $108,000, $171,500, and $256,000. The actual 
cost would probably lie between these rather wide 
mits, but it is believed that a telescope of seven feet 
perture and mounting could be constructed for 
$150,000. 

The current expenses can be closely estimated since, 
or seventeen years, the Harvard Observatory has con- 
juected an auxiliary observing station in South Amer- 
ica. Ten thousand dollars a year would be needed 
o carry on the proposed station satisfactorily. To 
produce this sum, allowing four per cent interest, 
$250,000 would be required. With the income, three 
or four assistants could be maintained, who would 
keep the telescope at work throughout every clear 
night, and perhaps some smaller instruments, A cer- 
(ain amount of the income would be available for pub- 
lication and for subsidies paid to astronomers here 
or in other countries, for assistants who would aid 
them in measuring and discussing the photographs. 
Before the large telescope is completed the interest 
on the principal would defray the expenses of the 
preliminary work of testing locations with smaller 
instruments, erecting houses for the observers and 
similar work. If the fund had an independent foun- 
dation, an additional $100,000 would be required for 
an executive for the management of the fund, etc. 
This would be saved if the superintendence would be 
undertaken without charge by the Harvard or some 
other existing observatory. The entire amount re- 
quired would, therefore, be $400,000 or $500,000, which 
at most would only be a third of that required for an 
observatory of the first class and of the usual form. 

METHOD OF ADMINISTRATION. 

The administration and management of the fund 
would, of course, rest with the donor. If it were left 
to me, I should at once write to the principal makers 
of glass for estimates of the cost and time required 
to furnish a disk of glass seven feet in diameter and 
one foot thick. An expedition to South Africa would 
next be planned, equipped with the two-foot reflector 
of the Harvard Observatory. This instrument would 
be mounted in the best available location, and regular 
work undertaken which would test the steadiness and 
other qualities of the atmosphere. Tests would also 
be made of various adjacent localities, with refract- 
ing telescopes of four, five, or six inches aperture. 
Meanwhile, correspondence would be opened with all 
those astronomers likely to give useful advice, and a 
committee would be formed of such astronomers as 
would attend a meeting at an early date. Thus, no 
time would be lost. The form of mounting would be 
the principal subject to be discussed at the first meet- 
ing, and the work of construction would be begun as 
soon as this point was settled. The results of the 
first expedition would probably serve to determine 
whether a better location could be found in South 
Africa than that we now occupy in Peru. 

DISCUSSION OF RESULTS. 

Not only from its size, but from its exceptional lo- 
cation, this telescope ought to give better results than 
those previously obtained in almost every department 
of astronomical science. Its principal use will be in 
photography, determining the positions, brightness, 
and spectra of faint stars, especially nove and varia- 
bles, in depicting clusters arid nebule, in studying 
the distribution of faint stars, in discovering and fol- 
lowing faint satellites and asteroids, in measuring 
parallaxes and proper motions, and, in general, in 
studying all the properties of stars beyond the reach 
of smaller instruments. 

In visual work, very high powers could be employed, 
without the difficulties usually encountered from dif- 
fraction when a very small emergent pencil is used. 
Owing, also, to the great light gathering power, it is 
probable that visual observations of the surfaces of 
the outer planets, especially Uranus and Neptune, 
could be made to great advantage. 

Evidently the material accumulated photographic- 
ally would greatly exceed what could be properly dis- 
cussed by a single individual or institution. Especial 
pains should be taken to place this material in the 
hands of any astronomers qualified to use it. The 
entire collection of photographs should eventually be 
kept together, where it could be consulted, but copies 
or enlargements of any portion or of the whole should 
be furnished at cost to any one desiring them. Quali- 
fied astronomers, ready to discuss any portion of the 
work, should be offered the use of the original nega- 
tives, given copies, and in every way aided in discuss- 
ing and preparing the results for publication. It is 
desirable that they should be published in a separate 
series of quarto volumes. The fundamental principle 
should be that the results are for the world and not 
for a single individual, and every concession should 
be made to secure the widest use of the material col- 
lected. The telescope should be kept at work through- 
out every clear night. A scheme of work should be 
prepared every year by the aid of an international 
committee of astronomers, which should provide for 
a proper division of the time of the telescope, secure 
assistance and advice in discussing the results, and, 
in general, aid in obtaining the best administration. 
For instance, such a committee might spend several 
days together in New York, traveling and hotel ex- 
penses being paid, and care being taken that at least 
one European astronomer should be present each year. 
A German delegate might report that in his country 
a particular astronomer desired to study the distribu- 
tion and brightness of the stars in globular clusters. 
A hundred hours might be assigned to this work and 
five photographs of each of ten clusters would be taken 
with exposures of two hours each. Contdet prints 
would be made of these photographs and the originals 
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sent to the German astronomer, who might be fur- 
nished with means for paying the salary of an assist- 
ant who would make the measures under his direc- 
tion if the work was considered of sufficient impor- 
tance. When the research was completed, the orig- 
inal negatives would be returned and added to the 
rest of the collection. The results would be printed 
in a series of annals, giving the author as many copies 
as he could usefully distribute. On special occasions, 
as during an opposition of Mars, a specialist might be 
invited to the observatory and the telescope placed, 
for the time, at his disposal. It would be difficult to 
find useful work for the telescope when the moon was 
full. Such researches as photometric measures of the 
relative brightness of the components of close double 
stars and studies of the moon and planets could be 
made at such times. 
CONCLUSIONS. 

To sum up the results of this paper, it may be said 
that the desire to have the largest telescope in the 
world and to carry our knowledge of the stars farther 
than has ever been done before, has been very wide- 
spread. It would be unwise to construct a refracting 
telescope much larger than those already made. A 
million and a half dollars would be required to dupli- 
cate one of our present observatories of the first class. 
A reflecting telescope of seven feet aperture, larger 
and more powerful than any hitherto constructed, 
could be made at a moderate price. It should be 
mounted in the best possible location as regards cli- 
mate, and preferably in the southern hemisphere, to 
permit the study of neglected regions. Such an in- 
strument would produce, by photography, results in 
quality much better than can be obtained elsewhere 
and in such quantity that no single institution could 
discuss and publish them. These photographs should 
be distributed throughout the world, and astronomers 
of all countries would thus be furnished with better 
material for study than they could possibly obtain 
themselves. They would also be offered every aid in 
discussing and publishing their conclusions. 

The estimated cost of carrying out this plan is not 
more than half a million dollars, or one-third of that 
of an observatory of the usual form as now con- 
structed. Not only would results be obtained superior 
to those now secured anywhere else, but the work 
would be planned not by a single astronomer, but by 
an international committee of astronomers, and the 
results would be discussed by the most distinguished 
specialists in each department. In this way, follow- 
ing the example of the great industrial enterprises of 
the country, the plan of work would be improved 
continually in every detail. 

It will be difficult during the twentieth century to 
make as great an advance in science as was done 
during the life of Franklin in the eighteenth century 
or after his death in the nineteenth century. How 
could the name of Franklin be more highly honored 
than by initiating this undertaking at his bi-centen- 
nial? Were he living, is there any way that would 
be more in accordance with his wishes and aims in 
life than to advance a science, not only in a direction, 
but by a method, which would bring together, as here 
proposed, experts from all parts of the world in a 
single field of work? 

It is not easy for a man who by life-long work and 
skill has accumulated a large fortune to expend it 
wisely in science and to his own satisfaction. It is 
hard for him to see it wasted or yielding inadequate 
results. Money thus given should be expended, as it 
has been acquired, by careful management and the 
use of strict business methods, in order to obtain the 
greatest return for every disbursement. 

The name of a donor could in no way be better 
immortalized than by associating it with such a real 
advance in the greatest problem to the solution of 
which the mind of man has aspired—the study of the 
sidereal universe. 


MAGNETIC INDICATOR FOR TEMPERING STEEL. 


At the recent British Association meeting Mr. Wil- 
liam Taylor described some novel magnetic indicators 
which he had devised for indicating the temperatures 
of steel during the process of hardening. It occurred 
to him that, since the critical temperature for tem- 
pering is also a critical temperature magnetically, he 
might avail himself of the magnetic change in order 
to guide his tempering work. His attempts to do this 
were most successful. The method by which he ex- 
perimentally demonstrated that the idea could be util- 
ized in practice consisted in arranging a circuit con- 
taining two coils and a telephone receiver. Through 
a third coil, placed between these two coils, was sent 
an alternating current, and the positions of the coils 
were adjusted until no sound was heard in the re- 
ceiver. Then, interposing between either of the outer 
coils and the central one a piece of iron or steel, a 
sound was immediately heard in the receiver; but 
when the sample of metal was heated to its critical 
point it lost its magnetic properties and the sound 
ceased. It was then quenched. _Using this test, he 
found that there was no difficulty whatever in temper- 
ing his tools, and that, in consequence of it, warping 
and changes of size were avoided. It was found that 
if the sample was allowed to cool below the critical 
point, so that sound was again heard in the telephone, 
the tempering was imperfect. As the apparatus de- 
seribed is hardly suitable for factory work, a modified 
instrument was made. This consisted of a permanent 
horseshoe magnet having extended soft-iron poles. One 
of these poles was arranged so as to rock back under 
normal conditions. By placing the sample of steel to 
be tempered at the tips of the two soft iron poles, 
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both were held down by magnetic attraction; but 
when the sample was heated until it lost its magnetic 
properties the rocking pole was at once released, and, 
flying back, gave the signal for quenching. This de- 
vice was found to be of great practical service in mak- 
ing the work of miscellaneous hardening safe and 
certain in its results. By means of it tempering is 
carried out at temperatures less than those used by a 
skilled workman, and in this way overheating, result- 
ing in brittleness, cracking, and warping, is avoided.— 
Electrical Magazine. 


IMPROVED METHOD FOR CANNING. 

IN a recent farmers’ bulletin of the Department of 
Agriculture* relating to canning and preserving, it was 
explained that in practice canned fruits and vegetables 
are heated to a boiling temperature, or above, for some 
time, in order to kill the yeasts, molds, etc., which 
readily grow on these materials under favorable condi- 
tions, resulting in spoiled goods. In heating many 
fruits and vegetables to this high temperature they 
lose their shape and become mushy in appearance, 
especially when shipped long distances, and there is 
more or less loss of flavor and quality. 

E. F. Pernot, of the Oregon Experiment Station, has 
been studying methods of canning and has described 
a method by which practically all fruits and many 
vegetables can be successfully canned by intermittent 
pasteurization at a much lower temperature. By this 
method clean fruit and vegetables are placed in clean 
cans, and water that has been boiled to sterilize it is 
added to fill the interstices. The cap is then placed 
on the can and soldered, leaving the vent open. The 
cans are then placed in a wooden steam chest and 
kept there until the temperature registers 165 deg. F. 
in the center of the cans. This temperature is then 
maintained for fifteen minutes, after which the cans 
are allowed to stand for twenty-four to forty-etght 
hours, when they are again heated as before. This 
operation is repeated for the third time. The con- 
tents of the cans are then sterile and will keep per- 
fectly. 

The principle involved in this method of canning is 
that the active vegetative cells of yeasts and molds, 
which cause fermentation, are killed by heating up to 
a temperature of 165 deg. F. The spores of these 
plants, however, are not killed at this temperature, 
but by waiting twenty-four to forty-eight hours they 
nearly all germinate; the second heating kills all the 
spores that have thus germinated. Should any still 
remain, they germinate during the next twenty-four to 
forty-eight hours and are killed by the third heating. 

Fruits and vegetables thus sterilized in the cans 
remain practically in their natural condition and rep- 
resent the highest grade of canned goods. It is stated 
that fruits containing pits should not be preserved in 
this manner without first removing the pits, as there 
is danger of the pits germinating when kept in a warm 
atmosphere. This method involves considerably more 
labor than by the usual method of heating once up to 
the boiling point, but on the other hand, preserves 
the fruit in a much more attractive condition and 
gives a higher quality of product. 

Corn and peas can not be canned by this method, 
but all of the fruits and such vegetables as tomatoes, 
green beans, wax beans, cauliflower, and asparagus 
have been canned by this method and kept perfectly, 
retaining their natural color, flavor, and texture. The 
beans, when taken from the can, could be broken in 
the same manner as when fresh. These beans, after 
being preserved one year, were found to be of the 
finest quality. 

Extensive investigations were made by Mr. Pernot 
on the micro-organisms causing fermentation and 
ptomaines in canned fruits. 

All canneries sustain a loss of a percentage of their 
goods through one cause or another, either from insuf- 
ficient heating, or more frequently from defective cans 
which are not air-tight. When the can is cooling 
there is a partial vacuum formed, which draws air 
into it through the leak and inoculates the material 
with organisms; putrefaction or fermentation at once 
begins, and after a time the cans show evidence of 
decomposition by the liquids oozing out or by swelling. 
The latter also occurs when insufficient heat is used to 
destroy the spores of organisms previously contained 
in the material. 

By the time the germs have produced enough gas 
to swell the can, and if they are of certain varieties, 
sufficient toxic poisons will be produced to render the 
material dangerous for food. 

In some canneries when cans are noticed to have 
swelled, they are punctured to allow the gas to escape, 
then exhausted, sealed, and reheated. The contents of 
cans which have swelled should be thrown away and 
not offered for sale as food. 


—7 


Varnish tor Rubber Balls.—A very good and elas- 
tic varnish for rubber balls is made as follows: Put 
into a copper kettle 50 parts by weight of Chinese 
wood oil, heat to 100 deg. C. (212 deg. F.), and add 
22% parts of clear rosin solution. Heat the whole to 120 
deg. C. (248 deg. F.), and then add, slowly, and stir- 
ring well, 14% parts of manganese resinate. Stir until 
this preparation is entirely dissolved and there is no 
more foam. Then dilute the contents of the kettle 
with 5 parts of American or French turpentine oil. 
Pour the hot varnish through a layer of muslin into 
vessels to settle. The rosin solution is prepared from 
60 parts of clear rosin, 3% parts of dry slaked lime, 
and 70 parts of French turpentine oil. 


Farmers’ Bul, 262, 
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{Continued from Surriewent No, 1612, page 25820.) 

HOW SEEDS ARE CARRIED.—II.* 

Il, SEEDS THAT TUMBLE AND FLOAT. 
By 8. THoms, 


No doubt the wind is the most active agent in carry- 
ing the great majority of seeds. Often it helps in dis- 
tributing those that have neither pappus nor wing. 


DEPLETED SEED CLUSTERS OF RIVER RUSH, AND ENLARGE 
MENT OF SEEDS WITIL TIIEIR “FLOATERS.” 


Indeed I have known flower seeds, after being, as 
was thought, safely planted in a garden, to be blown 
away with the surface soil in a strong gale, and to be 
lodged in the street. In dry seasons grain on sandy 
knolls is often blown some distance with the soil that 
covers it. 

Seeds thus distributed, however, cannot be classed 
with those that fly, since they embrace seeds of every 
character, and are distributed by sheer force. A wind 
strong enough to carry sand and pile it into hills, will 
also carry seeds, picking them from the ground wher- 
ever it can get access to them, and carrying them for 
some distance. Even seeds that are too heavy to be 
lifted bodily by the wind are often rolled and tumbled 
along. In this rolling, tumbling, and drifting process 
the help which the snow renders can hardly be over- 
estimated. A large number of plants hold their seeds 
during the early winter, and many retain part of them 
even until spring. In the fierce gales of winter these 
seeds are cast out upon the snow. If in December 
one shakes violently the podded stalks of beard- 
tongues, milk vetches, tall bellflowers, Indian mallows, 
‘at-mints, and many other plants, many tiny seeds 
will be thrown out upon the snow. If the snow-crust 
be hard and the wind strong these seeds roll and tum- 
ble along on the smooth surface, and are carried far 
from the plant. If the snow be soft and light they 
are caught up when it drifts and are carried shorter 
or longer distances according to weight, size, shape. 

In the same way many seeds having wings or pappus 
are carried much farther than would otherwise be the 
case. The three-winged dock seed, the small-pappused 
golden rod, the winged ashes and box elders, and the 
seeds of many pappiferous grasses, are found clinging 
all winter, being dislodged only by strong winds. 
Such winds, of course, bear the seeds a certain dis- 
tance before they fall; but when they fall on a hard 
snow surface they are shoved and tumbled along to 
almost any distance, and when they are caught in 
drifting snow they are hurled along with it. 

There are certain seeds, however, that, independent- 
ly of snow, are scattered by rolling and tumbling. 
Prominent among these is the Russian thistle—the 
Tartar thistle of southern Russia. It was accidentally 
introduced into the United States, presumably by 
emigrants about 1885, and has already taken posses- 
sion of thousands of acres in the Dakotas, Minnesota, 
and Wisconsin. It grows in flattish-round form with 
branches usually curving inwardly at the top. Its 
top-shaped seed capsules nestle in the axils of stiff, 
awl-shaped, spiny leaves, and are not easily dislodged. 
The numerous branches spread from a single small 
root immediately upon its emergence from the ground. 
In the autumn this small root breaks off just below 
the spreading branches, and the whole plant goes 
tumbling over the prairie mile after mile, scattering its 
seeds as it goes. In a strong wind hundreds of these 
plants tumbling at a distance, are sometimes mistaken 
for a herd of sheep on the run. Deep railroad cuts 
are filled with them, and much trouble is caused for 
the train crew. At times they bank themselves 
against barbed wire fences until the power of the 
wind upon them forces the staples from the posts, so 
that when the thistles have passed on the wires lie 
prone upon the ground. 

Certain of the panicum grasses distribute their seeds 
in the same way. The brittle stalks break off just 
below the bushy heads, which then go tumbling over 
the flelds scattering their small, shiny seeds. These 
grass heads may be seen cluttering large cocklebur 
plants which catch and hold them. They bank them- 
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selves against fences, catch upon tall weeds which 
border fields, and get tangled in brushwood on the 
edge of timber. 

Certain inflated pods, like those of the rattlebox, 
while not light enough to be blown outright through 
the air, are sufficiently large and light when detached 
from the plant to be rolled along for some distance on 
the ground by a strong wind. 


PHE RUSSIAN THISTLE AND ENLARGEMENT OF BRANCIT AND 
SEED VESSEL. 


Various species of ground cherries have a large, in- 
flated calyx which completely surrounds the fruit and 
forms a sort of balloon to help carry it. In mid-win- 
ter these plants are found usually with part of the 
fruit still clinging to the vine, and part broken off and 


SEED CLUSTER OF GREAT BULRUSH, WITH ENLARGED SEEDS, 
scattered about upon the ground. Balloon and fruit 
are firmly joined together, while the stem which holds 
them is easily broken. When detached these balloons 
are easily rolled along upon the ground by the wind 
whenever the conditions are favorable, and, since much 
of the fruit hangs during the greater part of the win- 


. 


DITCH STONECROP SEEDS, SHOWING SEEDS AND CAPSULE 
ENLARGED. 


ter, many balloons with inclosed seed capsules fall 
upon the level and often hard snow, where they are 
tumbled along. “a 

Like many other seeds, those of the ground cherry 
have a second way of being scattered. The seed pods 
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are very sticky, as are also the many seeds wit} jin 
them, so that they attach themselves to any anin),| 
that by treading or lying upon them bursts open |j\e 
pods. 

Practically all small seeds that are wingless a) 
pappusless fall within a few yards of the plants whi.) 
bear them. How the snow helps to carry them f.; 
ther we have just seen; but running water is also 
important factor in their distribution. Everywh: 
in the spring rivulets escape from thawing snow. Th: 
are not large, nor do they hasten until the joiniy 
together of many sufficiently increases the volum« 
but any one of them is quite sufficient to carry alon;: 
seeds that lie in the snow or are scattered upon th: 
frozen ground. 

What spring season is without its pouring rains- 
rains which cover the soil with sheets of water 
drenching it, and almost scrubbing it, as though in 
annual house cleaning? The rivers rise; the creeks 
trail broad skirts along their banks; every draw is 
flushed: innumerable tiny washouts line the sides of 
the hills; everywhere little pebbles lie bare with the 
soil washed from around them: practiecclly the whole 
soil surface has beer moved at least a little way; 
before the spring is passed another step has been 
taken in the long geological process that is gradually 
washing the hills into the valleys, and bringing the 
earth’s surface to a common level. Meanwhile what 
has become of the seeds that are everywhere scattered 
upon the ground, most of them near the plants on 
which they grew? They have been washed every- 
whither, the distance depending always upon the vol- 
ume of water, the suddenness of the downpour, the 
weight of the seeds, and the hilliness of the country. 

Certain plants which grow in water have special de- 
vices for floating their fruit. The great bulrush has 
a small seed, flat on one side, and on the other con- 
vex, like the under side of a broad-keeled boat. At- 
tached to one end, and extending the full length of 
the seed, are from four to six light bristles. They are 
not sufficient to carry the seed in the air like a pappus, 
but greatly assist its floating. In addition, the outer 
surface of the seed seems to be somewhat oily. Thus 
the seed is planned to enable it to float on the surface 
of pond or river. When thrown into a glass partly 
filled with water, the glass will stand much rough 
shaking before the seeds are submerged. When they 
are once under the surface, however, they sink straight 
to the bottom. 

The river bulrush, a triangular rush, which many 
people regard as a kind of coarse swamp grass, has a 
seed of similar character, except that the boat is more 
sharply keeled, the three angles of the seed being 
about equal. The bristles serve not only in helping 
the seeds to float, but also as sails which are raised 
above the surface of the water to catch the wind. 

A very different arrangement for floating is found 
in the water plantain. The delicate brown seed is 
packed snugly in the center of a flat, corky cushion 
which will float for days before sinking to the bottom. 
The flat seed pod is thin as a knife-blade on one side 
and quite thick on the other. This gives it the action 
of a flat-bottomed boat in gliding over the water, while 
the thick side catches the wind. Since any small, wet 
object attaches itself to another object, these seeds, 
like many others, are held up much longer than they 
of themselves would float, by sticking to floating vege- 
tation. In case of a strong wind they are driven with 
the vegetation to which they cling, or if they become 
detached, since they sink very slowly, they are driven 
by the force of the waves. Even when the corky seed 
capsule is thoroughly saturated it is so balanced in 
its relation to the specific gravity of water that it will 
not sink nearly so far as the seeds of the rushes. 
This fact is significant when it is remembered that 
water plantain is usually found in shallow water, 
while rushes often grow in places where water is 
quite deep. 

Certain plants which grow at the margins of bodies 
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SEEDS OF WATER PLANTAIN, SHOWING ENLARGEMENT ©! 
SEEDS, SEED CAPSULES, AND SEED CLUSTER. 


of water, of which the ditch stonecrop is a good °X- 
ample, have seeds almost as fine as powder, whic! 
float for a long time, a large proportion of them in- 
definitely. While part of these seeds sink until in 
shallow water they reach the ground, others would 
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oem to be floated to the water’s edge, where, upon 
receding of the water in latc spring, they are left 
randed and find rooting. 

\lthough most people have picked water lilies, few, 
‘ve duck hunters and botany students, invade their 
sonts when the large pods are fully developed. The 
neral arrangement by which their seeds are scatter- 

is much the same in all. The largest and most 

utiful of the group is doubtless the American lotus 

-lumbo lutea). Its seed pod is a large, round boat 

ch holds fifteen or twenty passengers, each one 
a separate berth. The large pod when green 

ds its seeds carefully by a firm rim about the 
ulders of each one. When ripe these pods are apt 
break off and float away, carrying their precious 
sengers with them. Gradually the rim about each 

d expands until the seeds drop out and find lodg- 
ment in the mucky soil, often six or eight feet below 
the surface. 

An agent which does more service in scattering seeds 
than is usually supposed is the ice. Here and there 
iong rivers and lake margins are to be found plants 
of many kinds, grasses, and rushes; also upon their 
banks are certain trees, bushes, and vines, all of 
which hold at least part of their seeds during most 
of the winter. It matters not of what sort the seed 
may be, if it falls upon the ice the wind will skid it 
long until it meets some obstruction, which is apt 
o be a further shore. I have found box elder seeds 
imbedded in the ice of a river far from their trees. 

When the ice of rivers breaks up in the spring and 
is hurried away in the swollen stream, the rushes, 
erasses, and plants of many kinds which have been 
frozen in at the river margin, are carried away with it. 

Nearly all the forces of nature seem to be in league 
to scatter seeds with utmost thoroughness. Wind and 
rain, snow and ice, lake, river, creek, brook, even to 
the tiniest rivulet, all have a part in the important, 
though largely unseen task. 

(To be continued.) 


CHINESE RHUBARB.* 
By E. H. WILson. 

Some difference of opinion exists as to the actual 
species yielding the Chinese rhubarb of commerce. 
In this article I shall endeavor to show that while it 
is possible two or more species may be involved, the 
bulk of the commercial drug is furnished by one 
species—viz., Rheum officinale, Baillon. 

The chief source of the drug is the wild mountain- 
ous region of the Szechuan-Tibetan border, and the 
range of mountains extending from this border to the 
province of Hupeh, Central China. This range (Kiu- 
tiao-shan) separates the province of Szechuan from 
Kansu and Shensi, and forms the watershed of the 
Han and Yangtsze rivers. A certain amount of the 
medicinal product is collected in Hupeh, and finds its 
way to Hankow, where it is classed with the Szechuan 
product. In the imperial maritime customs trade re- 
turns, the whole of the rhubarb exported from Han- 
kow is given as Szechuan rhubarb, and there can be 
no question that the chief source of the drug is the 
mountains of Western, Northwestern and Northern 
Szechuan. 

Dr. Henry, in 1888, was the first to discover wild 
specimens of the medicinal rhubarb in the mountains 
of Hupeh. The plant was found growing in the for- 
ests between 7,000 and 9,000 feet above the sea level. 
Henry forwarded specimens to Kew, where they were 
identified as Rheum officinale, Baillon. In 1900 I re- 
discovered the plant in Henry’s region and sent seeds 
to this country. Plants were raised from my seeds, 
and on flowering and fruiting proved the Kew de- 
termination of Henry’s specimens to be correct. 
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Hupeh plant. Of this I am convinced not only from 
actual knowledge of the living plants in both districts, 
but also from comparison at Kew herbarium of the 
specimens | brought from both regions, My knowl- 
edge of the wild plant as it occurs in Szechuan-Tibetan 
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mum age, but this is probably not strictly adhered to, 
The forest product is not so highly esteemed as that 
found growing on the grass lands above tree limit. 

“Ta huang” is the name by which the drug is known 
all over China. 


THE SEED BALLOONS OF THE GROUND CHERRY. THE DIVIDED BALLOON AND 
SEED VESSEL ARE ENLARGED, 


border extends from south of Tatien-lu to north of 
Sungpan, on the Kansu border. The plant occurs in 
the forests 8,000 feet above sea level, becoming more 
abundant and reaching its maximum between 11,000 
and 12,000 feet. It extends up to 14,000 feet, the 


THE INFLATED PODS OF THE RATTLE BOX, 


highest altitude of any tall-growing herb in these re- 
gions. 

Rheum officinale is a striking plant, with its large, 
handsome, dark-green leaves and tall, loose inflores- 
cence of white flowers, 7 to 8 feet high. The fruits 


THE TUMBLING HEAD OF THE PANICUM GRASSES, WITH ENLARGEMENT OF 
SEEDS AND SEED STEMS. 


During 1903 and 1904 I was engaged in a botanical 
‘xploration of Western China, and came across the 
medicinal rhubarb in great quantities. It was always 
the same species, and undoubtedly the same as the 


* From the London Chemist and Druggist, 


are salmon red, and even more conspicuous than the 
flowers. 

The medicine gatherers of these regions root up 
only the oldest specimens, which from experience they 
readily recognize. Ten years is regarded as the mini- 


The latter half of September and October is the 
season for digging the rhubarb, but the process is car- 
ried on until the snow finally renders it impossible. 
Occasionally a spring digging is resorted to. This 
takes place before the plants begin to make much 
growth. 

Rheum officinale has a distinct stem, not very long, 
but thick, and this, I was informed, was considered 
better than the roots. It is severed from the roots, 
cleaned, the bark and crown removed, and then split 
transversely, or more commonly longitudinally, into 
pieces 4 to 6 inches long. Sometimes a hole is bored 
through the pieces and they are strung on a cord and 
dried under the eaves of the houses. The roots vary 
in size and are often very large—4 to 5 feet long and 
3 to 4 inches in diameter is not unknown. These 
roots have all the weak laterals removed, and are 
cleaned, roughly trimmed, cut into lengths, and often 
divided longitudinally. 

At Tatien-lu, where the climate is very moist, partly 
drying the freshly gathered roots over brushwood fires 
is often resorted to. The medicine-gatherers only 
trim and prepare the drug very roughly; it is in the 
shops and warehouses of the dealers at Chungpa, 
Mienchu, Kuan, Hsien, and Yachow that the drug is 
finally trimmed, sorted, and graded ready for export. 

The Tatien-lu product is carried overland to Yachou, 
where it is put on rafts and brought to Kiating. At 
Kiating it is placed on boats and shipped to Chung- 
king. The Chinese esteem the Tatien-lu drug the least 
valuable on account of the moist climate necessitating 
the application of much direct heat. 

The climate around Sungpan is much drier than 
that of Tatien-lu, and the rhubarb is rarely subjected 
to direct heat of any kind. It is collected mainly by 
Sifans, and after trimming and preparing is stored 
beneath the rafters and eaves where it can get plenty 
of air until it is dry and ready for disposal. 

The bulk of the Sungpan product and that of North- 
western Szechuan generally is carried overland to 
Chungpa and Mien-chu, and there put on boats and 
shipped to Chungking. A certain amount of rhubarb 
collected to the west and south of Sungpan passes 
down the Min Valley to Kuan Hsien and Ghentu. A 
considerable amount of rhubarb is collected by the 
tribesfolk inhabiting the nondescript country west of 
Wen-chuan and thence to Kuan Hsien, or by another 
route direct to Kuan Hsien. Much of the rhubarb 
brought to Kuan Hsien is sent direct to Chungking, 
but some is sent by way of the provincial capital, 
Chengtu. 

In Chengtu the price of rhubarb in 1904 was taels 
35.00 per picul (tael—about 3s. and picul = 133 1-3 
pounds). 

Rhubarb is occasionally cultivated in the mountains 
of Hupeh, and Western China, notably Mount Wa; but 
cultivation is not much practised, as the cultivated 
article is considered very inferior to the wilding. 
With the exception of “Huang-lien” (Coptis chinensis), 
“tan-kuel” (Liguisticum Thomsonii), and ‘“aconite” 
(Aconitum Wilsonii), the Chinese hold the same opin- 
ion in regard to all their vegetable drugs. 

While the bulk of the rhubarb exported from Szech- 
uan passes through the port of Chungking, not all of 
it comes under the imperial maritime customs, with 
the result that the actual quantity exported cannot be 
traced. However, if the customs returns for the port 
of Ichang be taken, a fairly accurate estimate will be 
obtained, since at Ichang the native customs also come 
under the control of the imperial maritime customs. 
In 1904, according to the published returns, rhubarb 
to the extent of 11,218 piculs, valued at 473,415 Hai- 
kuan taels (H. tael equal 2s. 8d. approximately), 
passed through Ichang. All the Ichang exports pass 
through Hankow and are there transshipped. The ex- 
port of rhubarb from Hankow in 1904 was: Hankow 
to Chinese ports, 865 piculs, value H. tls. 11,851; Han- 
kow to Hongkong, 7,768 piculs, value H. tls. 419,472— 
a total of 8,633 piculs, valued at 431,323 H. tis. As 
mentioned previously, all rhubarb exported from Han- 
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kow is classed as Szechuan rhubarb, and is undoubt- 
edly furnished by the one species, Rheum officinale, 
Baillon. 

In 1872-73 the Russian traveler Prezewalski discov- 
ered in the northwest of Kansu and the Kokonor re- 
gion (36 deg. to 38 deg. N.) a rhubarb yielding a 
medicinal drug. Specimens were obtained, and subse- 
quently living roots were transported to St. Peters- 
burg, and the plant named Rheum palmatum var, tan- 
guticum, by Maximowicz. This variety is said to be 
native of the woods and forests 10,000 feet above sea- 
level, affecting ravines with a rich, loamy soil and 
north aspect, and seldom found on southern slopes or 
on the bare mountain slopes (in this it will be seen 
that the plant is much more particular than R. offi- 
cinale). According to the traveler the plant is dug 
up in September and October. The lateral roots are 
eut off, the outer rind removed by a knife, and the 
roots cut transversely into segments or divided longi- 
tudinally into large pieces, constituting the “flats” 
and “rounds” of commerce. Prezewalski says that 
this Kansu drug is carried overland in winter, and by 
boats down the Yellow River in summer, to Peking 
and Tientsin. 

The imperial maritime customs trade returns show 
that a certain amount of rhubarb is exported from 
Tientsin, the article being styled “Chihli rhubarb.” In 
1904 the Tientsin exports of this drug were: To Hong- 
kong 1,528 piculs, valued at 8405 Hk. tls.; to Chinese 
ports 176 piculs, valued at 968 Hk. tls. 

Chefoo also exports a small quantity of rhubarb, 
the source of which is not stated. In 1904 Chefoo ex- 
ported to Hongkong 56 piculs of rhubarb, valued at 
1478 Haikuan taels. We do not know the source of 
the rhubarb exported from Tientsin and Chefoo, It 
may be R. officinale, R. palmatum var. tanguticum, 
or some other species, but from the value given it is 
almost certainly a local product. Maximowicz asserts 
that in Dahuria, R. rhaponticum is the species yield- 
ing the drug of those regions. It may be that it is 
this same species which yields the Tientsin and Chee- 
foo drug. However, be this as it may, from the export 
values given in the above return it seems safe to say 
that neither Chefoo nor Tientsin exports the Kansu 
product. It is possible that Kansu rhubarb reaches 
Russia by the overland route, but there is certainly 
nothing to prove that it is ever exported by sea to 
Europe. Personally, while admitting the possibility 
of the Kansu drug reaching Russia by the overland 
route, I incline to the belief that the drug is merely 
of local value and use. Setting aside the botanically 
unknown Chefoo and Tientsin drug, the weight of 
evidence seems to prove that the whole of the rhu- 
harb exported from China by sea to foreign countries 
is the product of one species, and that species Rheum 
officinale, Baillon. 


SOME HINTS ON MELTING METALS AND 
ALLOYS. 


By Water J. May. 


In the practical work of the foundry metals and 
alloys have to be melted, and alloys have to be made, 
the general objective of the operations being to per- 
form them at the least cost in fuel, loss of metal, and, 
what is often overlooked, with the least cost in cruci- 
bles. To secure these points, which are essentially of 
a practical character, a goodly amount of very prac- 
tical common sense must be exercised by both em- 
ployer and fireman, and unless the fireman has some 
considerable experience and is interested in his work, 
losses of a preventible nature will surely occur. Usu- 
ally the price of castings of all kinds is low; in fact, 
often lower than is compatible with the use of the 
best metal and labor, and particularly in such cases 
does the most careful melting tell in regard to costs, 
as scrap has to be largely used, and in melting this 
there is room for either making or preventing losses 
of rather an important nature. 

Good furnace coke, as free as possible from sulphur, 
should be used, especially where plumbago crucibles 
are employed, and although this necessarily costs more 
per ton than gas coke, it costs less per ton of metal 
melted when used by a good fireman, and the crucibles 
last longer, which tells in calculating the actual costs. 
The heat can be better controlled with hard coke than 
with soft stuff, and taken as a whole it produces re- 
sults which are much more satisfactory. 

The question of crucibles is important, as in many 
cases intermittent using has to take place, For some 
metals and alloys plumbago crucibles are an absolute 
necessity, and for some things, such as aluminium, spe- 
cial linings are necessary, or at least desirable, if the 
best results with the metal are desired. Clay crucibles 
are initially much. cheaper than those made of the 
plumbago composition, but when once fired, as a rule 
they are done for if allowed to cool below a certain 
point, and for this reason it may be taken that they 
only last for from six to eight meltings, or, to put it 
more broadly, they only do one day’s work. On the 
other hand, plumbago pots of good make will last 
until burnt out, or otherwise destroyed, but an aver- 
age of from thirty to thirty-five charges of iron may 
be taken where a careful fireman handles them, and 
where the metal is poured as soon as melted. Metal 
should never be allowed to set in any form of crucible, 
as this is a fruitful source ef destruction. Any good 
make of crucible will give good results, and generally 
each operator has his own particular choice, and nat- 
urally each man prefers to use pots of his own choice, 
the writer preferring Morgan’s, while others prefer 
Doulton’s or other good makes. Where possible, it is 
always preferable that the fireman’s choice should be 
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respected if he knows his work, but otherwise the se- 
lection should not be left to him. 

The lifting tongs should be well made to fit the 
crucibles without crushing them, and there should be 
tongs for each shape and size of crucible used. It is 
quite safe to say that more crucibles are destroyed by 
using badly-fitting tongs than any other cause, and as 
tongs last an indefinite time when once in stock, they 
are not often having to be renewed. Bowed coke tongs 
should be provided, and those with flat jaws should 
be avoided, because if used to grip a crucible—and 
they will certainly be so used occasionally—they are 
apt to split or break the edges away. Block tackle 
should always be provided for lowering and lifting the 
crucibles where economy is desired, as this largely 
saves them from damage, while the cost of a girder 
and the carriage and blocks is not excessive, and they 
are practically everlasting. To haul a large and heavy 
pot from the furnace by means of the tongs and a 
hook manipulated by a couple of men is not an alto- 
gether easy operation, and it does not conduce to care- 
ful handling, while lifting by means of blocks gives 
a dead lift with the minimum exercise of trouble and 
strength. 

Where convenient, tilting furnaces of the Morgan 
type prove economical, as the crucibles are not knocked 
about in pouring, while large weights of metal can be 
melted with economy. Either pouring against the 
furnace or crane work can be arranged for with these 
furnaces, the most convenient form for the general 
work of the place being selected as a matter of course. 
Usually, however, some of the ordinary furnaces will 
be required for small pots, but this is a matter de- 
pendent on the ciass of work which has to be done. 
Anyway, with brass and other alloys, each casting 
should, as far as possible, be poured from one melting 
of metal to insure as uniform a content as possible; 
and it must be borne in mind that stratification is 
not an unknown quantity when dealing with mixed 
metals. 

Coming to the actual melting, all metals should be 
poured as soon as melted, and should not be kept in a 
molten state in the crucibles, otherwise both metal 
and crucibles are liable to injury, to say nothing about 
the loss of metal and the unnecessary burning away 
of the crucible. Further than this, some metals— 
aluminium and its alloys, for instance—absorb silica 
and other material from the crucibles, and when this 
takes place the castings become hard and often brittle. 
The molds should be ready in advance of the metal 
rather than the metal being ready in advance of the 
molds, and save in a few exceptional cases this should 
be made an invariable rule. 

The heat at which metals are melted should not be 
in excess of that which is really required, as any- 
thing in excess of this always proves bad for the 
metal, while it is wasteful in itself. Not only do we 
get waste by using excessive heat, but with many 
alloys we get a change in the content of the alloy; 
and, taking brass as an example, it is quite possible 
to burn out so much of the zine as to entirely change 
the character of the metal. The ash or dirt on the 
surface of overheated metal represents loss of metal, 
and this should be avoided as much as possible for 
the sake of economy, if for nothing else. Besides, the 
strength of the alloy is altered by bad treatment, and 
where made under a guaranteed test, castings made 
from such metal are very likely to be rejected. 

To reduce the ordinary loss as much as possible by 
maintaining a reducing—as opposed to an oxidizing— 
atmosphere in the crucible, a handful of rather coarse- 
ly granulated charcoal should be thrown in before the 
charge of metal is placed in the crucible, this very 
largely preventing oxidization. At the same time, it 
is doubtful if it wholly prevents it, because at tem- 
peratures below that of fusion most metals and alloys 
absorb oxygen pretty freely, and if above the top of 
the crucible at that critical period, no amount of car- 
bon in the crucible will prevent it. The same applies 
when melting under gas is adopted, gas being far better 
than any solid deoxidant, and for this reason the un- 
melted metal should not project above the top of the 
crucible. Necessarily, subsequent additions of fresh met- 
al must be made, but this secures a saving of metal 
which more than compensates for the trouble involved. 
Melting under gas is a cheap method of preventing 
oxidization, and is well worth more general attention 
than is at present paid to it, but, of course, not being 
generally adopted, most foundry melters ignore its 
very undoubted advantages. 

When melting scrap metal a handful of plaster of 
Paris or other dry material like it in character, placed 
in the bottom of the crucible before putting in the 
charge of metal, will usually bring up all dirt, and 
leave a bath of clean metal; but it must not be taken 
to be a flux which will remove every objectionable 
element in the metal. Certainly it removes the bulk 
of the mechanical impurities, but it does not remove 
everything which should be taken out, and the use of 
some deoxidant is often necessary in addition. Ip 
almost all cases where scrap metal is being dealt with 
some flux, either chemical or metallic, will be found 
necessary to obtain good castings, but the cost has to 
be low as a rule, and for this reason some chemical 
combination has to be used. With new metals the 
case is somewhat different, although it cannot be gain- 
said that a certain amount of fluxing in some form 
or other is generally used. Careful melting is the 
chief thing, but still occasions arise when the addition 
of something outside the mere metal melted gives re- 
sults of an advantageous character. 

Fluxes may be divided into two classes—metallic 
and chemical—although both produce chemical reac- 
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tions. In the first class we have ferro-manganese 
phosphor tin, arsenical copper, and others of a lik: 
character, these being more or less perfect metallic 
alloys; and in the second class we get borax, sodium 
salts, phosphorus, fluorspar, and the like, and combina 
tions of metallic salts with earthy materials, whic) 
may or may not have received special treatment on 
which the efficiency of the fluxing properties may or 
may not depend. Speaking generally, there is no flux 
ing material useful for all metals alike, and usually 
manufactured fluxes are only useful for the metals or 
alloys named by the makers. The use of fluxes seems 
to somewhat follow the same course as fashions in 
dress, as at one time chemical fluxes and at other 
times metallic fluxes become the rage or fashion, and 
after a period these conditions change quite indepen- 
dently of the actual effect of the fluxes on the metals 
to which they are applied. Thus at one time we had 
borax, then phosphorus, and then aluminium as brass 
fluxes, quite independently of their suitability, and 
probably something else will follow. In any case, 
however, the chief thing to use is some good deoxi- 
dant, which is suited to the metal or alloy being dealt 
with, and, given this, proper mixtures of metal and 
good melting should give all that is necessary for the 
production of sound castings so far as the melter is 
concerned.—The Practical Engineer. 


ACETYLENE VS. COAL GAS OR ELECTRICITY. 

IN a recent number of The Electrical Review Mr. 
Horace Allen has the following to say about the de- 
merits of acetylene for lighting: 

“Though the demand for acetylene gas has steadily 
and continually increased ever since calcic carbide 
became a commercial commodity less than fourteen 
years ago, through the development of the electric 
furnace, it is doubtful whether it will ever seriously 
enter into competition with either coal gas or elec- 
tricity in the field of general and economical illumina- 
tion for public or domestic purposes, or for power 
development, on account of the high cost of calcic 
carbide. So long as electricity is employed in its 
manufacture, the possibilities in the way of the price 
ever coming within the range of competition are very 
remote. Added to the cost of manufacture, there is 
necessitated the expense of packing in hermetically 
sealed drums and tin canisters, owing to the great 
affinity of calcic carbide for moisture. 

“Pure acetylene gas is credited with having a faint, 
sweet smell, but the smell given off by all the carbide 
the writer has had the opportunity of examining has 
been quite the reverse of either faint or sweet. 

“The unpleasant odor arising from raw carbide upon 
opening the receptacle is a primary source of objec- 
tion, and any neglect in the way of resealing the 
drum after the withdrawal of the required quantity, 
results in the continued gradual generation of acety- 
lene and its objectionable smell. For this reason the 
best place to store carbide is at some considerable dis- 
tance from any occupied building. 

“Various methods have been applied to overcome 
this serious drawback in the way of coating the car- 
bide, and by counteracting the smell by the applica- 
tion of strong, sweeter smelling essences. However, 
such treatment has chiefly been confined to small re- 
tail parcels, for which a higher price has to be charged 
to cover the additional treatment. 

“The method of dipping the carbide into petroleum, 
and then into glucose, resulted in a material that was 
almost entirely protected from the atmosphere and 
free from any objectionable odor, besides having the 
further advantage of being much more slowly acted 
upon by water. 

“However, even this treatment does not entirely 
remove the tendency to continue the evolution of 
acetylene gas after the consumption has ceased, a 
very serious source of trouble in all generators using 
raw, or untreated, carbide. Another feature in con- 
nection with the action of carbide and water in the 
generation of acetylene is the amount of heat given 
off in the reaction. 

“One pound of carbide, when brought into contact 
with water, gives off in its decomposition 753 B. T. U.., 
which, in the absence of an excess of water, is suffi- 
cient to raise the temperature of the surrounding 
materials to a bright red heat. On this account, all 
apparatus for the generation of acetylene which is 
not provided with a sufficient quantity of water to 
insure the dissipation of the heat evolved, is liable to 
become heated to a dangerous point in case of too 
rapid a consumption of gas. When this happens, the 
acetylene becomes decomposed, as is evident by the 
black material in the residual lime. 

“To a certain extent, calcic carbide resembles the 
electric accumulator or storage battery, for while by 
present processes it requires the expenditure of from 
2.0 to 2.3 horse-power hours to produce one pound of 
carbide, this may be conveyed to any distance, or 
stored for any length of time, if properly protected, 
and then the acetylene generated from it is capable 
of developing 1 horse-power for one hour if used for 
driving a gas engine; this, by the way, is not a de- 
merit, but the reverse. 

“By virtue of this property it can be used to trans- 
fer energy from waterfalls in distant situations to lo- 
calities where it could be turned to useful account. 

“The residual lime remaining from the decomposi- 
tion of calcic carbide in the generation of acetylene 
has a very unpleasant smell when first brought out 
of the generator—so much so that, in the case of 
small apparatus, it is offensive if brought anywhere 
near inhabited rooms, The sludge settles down into 
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a more or less solid mass if left to accumulate, and 
ornewhat difficult of removal, though it is claimed 
that when the carbide has been coated with glucose 
the lime is chiefly rendered soluble; this claim is gen- 
erally more theoretical than actual, owing to the 
proportion of glucose employed. 
ro turn our attention now to acetylene, there is no 
‘hat the light is of high quality, both in regard 
;minating power and its preserving the natural 
{ materials, ete. 
irawback which has given considerable trouble 
necessity for a very fine orifice in the burner; 
it took a considerable period of time for the devising 
uitable burner, but even now, while the jet is of 
mall dimensions, it is liable to be stopped by 
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the slightest particle of dust, or, on the other hand, 
carbon becomes deposited and a heavy smoky flame 
results. 


“To prevent the deposit of carbon at the orifice of 
issue from burners, a very common source of trouble, 
the device of providing duplicate orifices at such an 
anele that the two issuing jets are made to impinge 
upon each other and form a clear flat flame, was 
claimed to be successful. 

This class of burner found much favor as an im- 
provement over the single jet, but it not infrequently 
happens that some slight particle of dust lodges in 
one of the jets, and deflects the flow of gas to such 
an extent as to prevent the two jets meeting centrally; 
ithe result is a very unsatisfactory flame, which can 
only be rectified by inserting a fine needle or wire into 
the clogged orifice. This would seem to be a very 
simple matter, but it must be borne in mind that the 
burner goes wrong just when the light is required, and 
it is necessary for the acetylene gas tap to be closed 
and some other light obtained to enable the clearing 
of the burner to be effected, owing to the minuteness 
ot the hole in the burner and its angular direction; 
io insert the wire in the orifice in most burners is 
quite on a par with threading a needle with the eye 
in a rather inaccessible position. 

“Some burners have the orifices in such a position 
as to render it a very delicate matter to clear them 
on their becoming clogged, but the simplest way to 
overcome the trouble is to provide spare burners, it 
being an easier matter to change the burner than to 
probe it in situ. 

“While ordinary coal gas, in course of time, reduces 
leakage, through deposit, this is not the case with 
acetylene, so that all joints must be thorotghly sound 
from the first. 

“In regard to leakage, the unpleasant distinctive 
odor of impure acetylene had the advantage of quickly 
indicating the existence of a leak and its locality. 
When the gas is purified properly there is less evi- 
dence, and therefore greater danger, from this source 
of trouble. 

“Owing to its high specific gravity, 0.9, or twice that 
of coal gas, it does not so readily diffuse and pass 
away; and although the smallness of the jets renders 
the volume passing out in a given time considerably 
less than in the case of a coal gas burner, though it 
must be borne in mind that the pressure is usually 
about twice that required for coal gas, the escaping 
gas hangs round and tends to form an explosive mix- 
ture which would do considerable damage if even a 
soldering bit or glowing cigarette should be brought 
near, the ignition point being only 896 deg. F., while 
so small a proportion of acetylene as 3.5 per cent forms 
an explosive compound with air, as compared with 6 
per cent with coal gas. 

“It is claimed for acetylene that its vitiating effects 
are only about one-eighth those of coal gas flame, and 
that its heating property is very slight, but it must 
be remembered that the heat given off by an ordinary 
gas flame or incandescent burner has a great ventilat- 
ing effect, so that the impurities given off will also 
be carried away as long as there is an outlet.” 


WOMEN ASTRONOMERS. 

Tne names of Mary Somerville, the author of “The 
Mechanism of the Heavens,” and of Maria Mitchell, 
the Quakeress professor of Vassar College, have long 
been identified with the science of the heavens, but 
until one sees it in cold type one is hardly prepared 
to believe that “women in astronomy have achieved 
greater success, have met with more courteous recog- 
nition and now occupy a more prominent place in 
that than in any other branch of scientific activity.” 
Such, however, is the statement made by Dewey Shel- 
don Beebe in The Technical World Magazine. 

Miss Mitchell, who died in 1889, was a connecting 
link between the old and the new astronomy. Her 
fame was gained, says Mr. Beebe, “largely through 
her mathematical attainments; and her achievements 
with the telescope, while important, were made when 
that instrument was only a toy compared with the 
sreat modern machines, whose movable portions alone 
sometimes weigh three tons. The spectroscope and 
camera were just assuming importance in astronomy 
as her term in Vassar was drawing to a close. As 
the practical astronomy had given way to a theoretical 
astronomy, so this in turn was receding before the 
tremendous strides of the new descriptive astronomy 
—the science that tells of what the planets are made 
and what are the conditions on their surfaces. And 
in this new field of ‘astro-physics,’ as it is called, 
women have a position which can never be occupied 
by men.” 

Among the brilliant women “astro-physicists” of the 
day are Mrs. A. S. D. Maunder, wife of the superin- 
tendent of the solar department of the Royal Observa- 
tory at Greenwich. Mrs. Maunder has done individual 


work of importance in observing sunspots and deter- 
mining the physical condition of the earth’s source 
of light and heat, and in 1898, in India, secured the 
first photograph of the outermost streamers of the 
corona. For some years Mrs. Maunder was one of the 
computers at Greenwich and editor of the Journal of 
the British Astronomical Association. 

Harvard has as the curator of astronomical photo- 
graphs at its observatory Mrs. W. Paton Fleming, 
who, with her fifteen women assistants, is engaged in 
examining minutely new photographs of the heavens 
as they are made, checking off known stars, looking 
for new ones, classifying them, ete. She has the record 
of discovering more stars through her investigations 
than any other person. 

To Miss Dorothea Klumpke belongs the spectacular 
record of having been proposed to while making an 
astronomical voyage in a balloon, which no woman 
astronomer can duplicate among her varied expe- 
riences. 

This interesting episode, which occurred in 1901 
when she was engaged in photographing the stars, 
has made her probably the most widely noted woman 
astronomer in the world. The tremendous task of in- 
dexing and cataloguing all the stars up to the four- 
teenth magnitude was assigned to her by the Interna- 
tional Astronomical Congress, and four assistants were 
given her to carry on the work. 

Miss Mary Proctor, daughter of the celebrated as- 
tronomer, Richard A. Proctor, and Mrs. Mabel Loomis 
Todd, whose husband, Prof. David P. Todd, is director 
of the observatory at Amherst College, are both well 
known as lecturers in New York. Miss Agnes Clerke, 
Lady Huggins, Mme. Ceraski, Miss Rose O'Halloran, 
Miss M. A. Orr, Miss Marguerite Palmer, Miss Annie 
J. Cannon and Miss Henrietta S. Leavitt are other 
women whose achievements and untiring devotion 
have enriched the world’s knowledge of the stars. 


ELECTRICALLY-OPERATED HATCHES. 


Tue London Electrical Engineer notes that the 
United States naval authorities are responsible for an 
interesting development in the introduction of elec- 
tricity to naval matters. It is well known that armor 
hatches have been a problem ever since the protective 
deck was introduted, and to supersede the block and 
tackle which has been used in the past for raising and 
lowering the hatch plate quickly and safely under all 
conditions, the “long-arm” electrically-operated hatch 
gear has been introduced. An important feature of this 
device is the locking mechanism, which consists of a 
number of bars all connected to one shaft across the 
center of the plate, and so arranged that when the 
shaft is rotated the bars are forced out beneath the 
deck and draw the hatch plate firmly down to its seat. 
The mechanism is actuated by the lift, and does not 
require separate manipulation. When the hatch is 
closed and.locked, and the operator starts to open 
either by hand or power, the lift first unlocks the 
plate, after which it opens to any desired extent. A 
mechanically-operated stop prevents the locking gear 
from throwing out the bars except when the hatch 
plate is completed closed. The motor and controller of 
the hatch lift are connected with a central emergency 
station located above deck, and form a part of the 
system by which the main bulkhead doors of United 
States warships are controlled from the central sta- 
tion. The “long-arm” hatch gear offers practically 
three methods of operation—at the hatch, both above 
and below deck, by power which is brought into action 
by means of the controller handle; above and below 
deck, by means of the hand gear intended for use in 
case the electric power should fail; and from the emer- 
gency station on the bridge, by means of which the 
closing of all power-operated hatches on the ship is 
always instantly possible. 


A French inventor, M. Mouterde, has brought out a 
somewhat novel form of storage battery cell. Instead 
of using a flat lead plate, he employs a lead cylinder 
for the electrodes. Around the inner or the outer 
periphery of the cylinder are cut a series of annular 
grooves which hold the lead paste forming the active 
matter of the battery. To hold the paste well in place, 
the section of the groove is larger at the bottom than 
at the surface, forming a dovetail section, so that when 
once the paste has been forced into the groove it is 
impossible for it to fall out. This is one of the main 
features of the Mouterde cell, and the second lies in 
the fact that the cylinder will always keep its shape 
and cannot buckle as in the case of a flat plate, even 
though the metal of the cylinder be thin, and in fact 
just enough lead is employed to give the proper stiff- 
ness, and the grooves are cut very close together. The 
battery in practice is made up of a number of concen- 
tric cylinders. On the outside is the largest cylinder, 
which is used to hold the liquid, and thus a glass ves- 
sel is not needed. It is coated only on the inside, leav- 
ing the outside smooth. Fitted in this cylinder are 
two concentric cylinders, of which the first is coated 
on both sides and the second only on the outside. A 
set of two cylinders is dropped down from above so as 
to take up the spaces and form the other set of elec- 
trodes, the entire cell containing five cylinders in all. 
Another point is that the lower or negative set is the 
one which does not wear out, while the positive elec- 
trodes which need attention can be easily lifted out. 
Again, the cell can be cleaned out through a hole in 
the outer vessel without disturbing the electrodes. 
Owing to the absence of buckling, the cylinders can 
be given a much smaller space apart, which lowers the 
internal resistance of the battery and gives it a higher 
efficiency. 
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SCIENCE NOTES. 

The giant kelp, Nerevcystis luetkeana, common on 
the shores of Northwest America, sometimes reaches 
a length of 50 to 80 meters, and the rate of growth as 
recorded by T. C. Frye, in the Botanical Gazette, is as 
follows: “The plant lives for two years; during the 
first year it attains a length of 1.25 to 2.5 meters; dur- 
ing the second year an average increase of 18 meters 
in length is made between the middle of March and 
the first of June, a period of about seventy days, which 
works out at an average of over 25 centimeters a day, 
and about 0.175 millimeter per minute.” This rate of 
growth is between one-third and one-fourth as rapid 
as that reported for the bamboo, and far above that of 
ordinary plants. 


The nitrogen question, in its relation to agricultural 
chemistry, has received the attention of eminent in- 
vestigators, and the problem has been solved in so far 
as the actual obtaining of free nitrogen from atmo- 
spheric sources, both by means of special classes of 
crops and by chemical combination. How soon the 
latter may be a practical source is still a question, but 
the progress thus far made indicates that the solution 
will be reached in the near future. There is, however, 
still a broad field for study, as to the source of supply 
of phosphates and of potash salts. We have in this 
country, and in Canada, enormous deposits of phos- 
phate rock, already exploited; others will undoubtedly 
be found, so that the question is not one that requires 
such immediate attention. Nevertheless, with the 
great demands which are likely to be made, it is one 
well worthy of the study of our chemists. In the case 
of potash, we have no source of supply, at present, 
other than the Stassfurt mines of Germany, and the 
time must come, sooner or later, when these will not 
be able to meet the demand. Whether the potasn 
stored in our granite hills is to supply these de- 
mands, or whether unknown deposits exist in our 
country, are questions that must occupy the minds of 
our agricultural chemists, and are problems which are 
of fundamental importance, because they have to do, 
not only with the production of crops, but with the 
future progress of humanity. 


Modern technical education is a direct result of 
the London Exhibition held in 1851. Here, for the first 
time in history, an opportunity was given on a large 
scale to compare and contrast the industrial products 
of all nations. With this epoch-making object lesson 
real progress in technical education began. At that 
time no one saw its far-reaching effects more clearly 
than Albert, the Prince Consort. He was statesman 
enough to see that a nation deficient in natural re- 
sources might, by a high cultivation of science, become 
a keen rival of a country more favorably endowed by 
nature but neglectful of scientific attainments. Had 
he lived longer he would have seen his ideas fully 
realized in the industrial success of Germany and 
Switzerland. Recognizing, however, even then the 
value to England of trained engineers, artisans, scien- 
tists, and artists, he suggested that the profits of the 
exhibition, $900,000, increased by a Parliamentary 
grant of $750,000 to $1,650,000, be expended in provid- 
ing a permanent home for an institution to be de- 
voted to spreading a knowledge of science and art. 
His suggestion was adopted and the money was ex- 
pended in purchasing the Kensington estate which was 
for forty-seven years the home of the Department of 
Science and Art, and now is the home of the Central 
Technical College, the Royal College of Science, and 
the University of London. Consequent upon the 
efforts of the Prince Consort and those associated with 
him, the Department of Science and Art at South 
Kensington was founded in 1853. By its work the 
bistory of industrial England has been profoundly 
affected. It was a pioneer in the great work of 
making science, art, and industry interdependent. 
Many of its methods were unique, and, in the light 
of later investigation and research, not always the 
best. However, it must be granted that the great 
problem of the need of technical education was first 
clearly recognized here and that a solution was at- 
tempted according to the best light of the times. 


Exact temperature determinations are most essential 
for calorimetric tests, because it is, for various rea- 
sons, not desirable to work with large differences of 
temperature. Mercury thermometers are not suffi- 
ciently reliable or not convenient, and platinum resist- 
ance thermometers may be objected to on account of 
their cooling constants. The sensitiveness of a plat- 
inum thermometer is increased when the intensity of 
the measuring current is raised. But the platinum 
wire must not itself become too hot, and should, there- 
fore, have a high cooling constant which is again re- 
quired for other considerations as well, lest trouble- 
some corrections become necessary. The Zeitschrift 
fiir Instrumentenkunde contains an article by W. 
Jaeger and H. von Steinwehr on the “Use of Platinum 
Thermometers in the Calorimetric Work of the Reichs- 
anstalt.” The article is interesting, because it ex- 
plains the whole method and the calculations. The 
method cannot be abstracted, but some of the experi- 
mental detail will be of general interest. The Callen- 
dar form of platinum spiral having proved unsuitable 
on account of its low cooling constant, a platinum wire, 
0.1 millimeter in diameter, was in the first experi- 
ments placed within a finely-drawn glass tube, 1.5 
millimeter in diameter, and bent to a horseshoe; high 
insulation of the platinum wire is, of course, necessary. 
The device was too brittle, however, and there was 
trouble with the connections. In the improved form, 
the platinum wire is painted with shellac and then 
covered with silk thread. The silk windings need not 
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be very close to one another, as they are only to pre- 
vent contact between the wire and the brass tube, 1 
millimeter in diameter, which serves as its sheath. 
The ends of the platinum wires are soldered each to a 
pair of copper wires, which are taken to four binding 
serews fixed in a square frame, These copper term- 
inals are partly incased in wide brass tubes soldered 
to the long tube, which is bent to a lone horseshoe. 
A current of 0.01 ampere heated this wire, which has 
& length of 35 centimeters and a resistance of 8 ohms, 
by 0.002 deg. C. The heating is almost instantaneous, 
and might be disregarded, as it is eliminated in the 
course of the caleulation But it is advisable to be 
cautious in this respect. The wire cooled through half 
its temperature increases within 0.02 second, while 
with mercury thermometers and other platinum ther- 
mometers this cooling took from 5 to 10 seconds. To 
take readings to 0.0001 dew. C. requires a change of the 
wire resistance by about 1/500,000 of its amount. The 
resistance measurements are made by the Kohlrausch 
method of overlapping shunts. When the difference 
between the temperature of the calorimeter and of the 
air outside amounted to 1 deg. C., the temperature of 
the calorimeter changed by about 0.0015 deg. C. per 
minute. 


ENGINEERING NOTES 

The general principle upon which all gas producers 
work is that air and steam are passed through red-hot 
coal or coke. Sir William Siemens turned his atten- 
tion to the problem of converting solid fuel into a 
gaseous condition, so that it might be used in the 
latter form in the regenerative furnace. In his first 
invention there was a sloping grate with bars and an 
open ash pit, and air with a small quantity of water 
vapor passed through incandescent fuel, and thus there 
was sufficient combustion of the fuel to keep up the 
heat. When the mixture of steam and air passes 
through the red-hot fuel the steam splits up into hydro- 
zen and oxygen. The oxygen from the steam and air 
combines with the carbon of the fuel, and finally 
water gas is formed by the passing of steam through 
incandescent carbon Finally, producer gas is formed, 
and although this gas is most useful for metallurgical 
work it is rather too poor in nitrogen to be of much 
service for driving gas engines. Slight improvements 
were subsequently made by Siemens, but although his 
producer gas is used considerably for manufacturing 
work, it is not used for driving gas engines. 


Undoubtedly, the use of the Jones scheme of a mix- 
ing receptacle has done much to permit the driving of 
the blast furnaces supplying steel plants. The output 
of several furnaces being so treated, it is readily seen 
that greater variation can be permitted in its charac- 
ter than if the iron from each one had to be used 
separately. But while furnaces have been driven to 
making an output of over 750 tons per day apiece, I 
believe it has been concluded that better results are 
obtained by limiting the output of the same furnaces 
to about 550 tons per twenty-four hours. Of course, 
the tremendous outputs would be impossible if the raw 
materials, and, in fact, the produced metal, were not 
handled by machinery, much of which is of automatic 
character. Such devices do not merely move the stock, 
but some of them also regulate the charging and dis- 
tribution of it in the furnace, and contribute to the 
regularity of the metallurgical process. In that field 
there has been much mechanical ability applied, and 
improvements are still being diligently sought. Next 
to the use of gas blowing engines, the development in 
blast-furnace practice which is attracting the most 
attention in America is James B. Galey’s application 
of refrigeration to the blast. the results from which 
are certainly very encouraging 

A novel acquisition fis recently been delivered to 
the British Admiralty in the form of a floating work- 
shop or miniature dockyard for the repair of war ves- 
sels at sea. This latest vessel, which has been con- 
structed upon special lines, is the outcome of an ex- 
periment that was made some time ago by the tempo- 
rary conversion of an obsolete cruiser at the Ports- 
mouth dockyard into a floating workshop, for aeccom- 
panying the fleet to sea and executing repairs without 
necessitating the withdrawal of the injured unit to the 
nearest dockyard. So successful was the experiment, 
that it was decided to have a special craft of this de. 
scription constructed. The greafest secrecy was main- 
tained in connection with the vessel, which when 
launched was christened the “India Brahria,” in order 
to dispel curiosity, it being generally believed that 
the steamer was intended for the mercantile marine. 
Now, however, that the vessel is practically complete 
for delivery, it has been appropriately and officially 
named H. M. 8S. “Cyclops The vessel measures 450 
feet in length by 55 feet beam, and has a depth of 
40 feet. The whole of the vessel is practically devoted 
to the accommodation of foundries and machinery, 
comprising lathes, forges, boring machines, and other 
plant for carrying out all descriptions of repairs that 
are possible of execution, without requiring the dry- 
docking of the warship, upon the high seas. The 
whole of the machinery installation is electrically 
driven, there being un extensive and complete generat- 
ing plant carried on board for this purpose. For the 
handling of the larger work large and powerful over- 
head electric cranes span the workshops. The vessel, 
which is of 11,000 tons, will carry an extensive and 
highly-trained crew of 300 men, mostly artificers re- 
cruited from the government workshops and other 
war vessels, 
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HIS new and authoritative work deals with the 
subject in a scientific way and from a new view- 
point. Dr. Collins has devoted his lifetime to the 

study of changing economic agricultural conditions. 
was never a more attractive proposi- 
tion and never so worthy of being heeded as during these 
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6 opening years of the twentieth century. 
6 offers more inducements than at any previous period in 


the world’s history, and it is calling millions from the 
desk. The reason for this is not at first obvious, and for 
this reason Dr. Collins has prepared the present work, 
which demonstrates conclusively the debt which agricul- 
ture owes to modern science and the painstaking govern- 
Much of the drudgery of the old 
farm life has been done away with by the use of improved 
methods, improved stock and varieties. 
create wealth by increased value of the product and de- 
creased cost of production. Irrigation, the new fertiliza- 
tion, the new transportation, the new creations, the new 
machinery, all come in for a share of attention. The 
illustrations are of special value, and are unique. 
are in any way interested in agriculture should obtain a 
copy of this most timely addition to the literature of agri- 
A full table of contents, as well as sample illus- 
trations, will be sent on application. 
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